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INTRODUCTION 

Th.,e work of Holmes (14) 1 and that of Holmes ,and Edgington (15) 
present a careful investigation of the chemical characteristics of 
colloids of given soil types which .occur in the humid region. These 
studies bring out the fact the.t the colloid of a given soil series, as 
defined by the Division of Soil Survey, is of essential constancy of 
composition, while the soil colloids derived from different series differ 
to a marked degree. The work of Denison (1f3) and that of Ander&.)n 
and Byers (3,4) show that altliough the soils of the great soil groups 
have within each group a gene~:;l similar character, the different 
great groups are markedly diss' . ar. These groups of data, with 
other.data collected from various sources, have been made the basis 
for a general treatment of the subject of the relation between the 
colloids of the great soil groups, as developed Rnd defined by Marbut 
(18) and his associates, by Byers and Anderson (9), and a discussion 
of the genesis of soil colloids by Byers (8). 

At the suggestion of one of the authors (Rice), the present investi·, 
gation .of chemical and physical properties of groups of soils which 
have been intensively studied in the field by the representatives of the 
Division of Soil Survey was undertaken as a continuing study of the 
relation between the chemical characteristics ·of soils .and their classi­
fication. It was also c:l!..'}lected that light might be thrown on the 
processes of production of claypans. It was at first intended to limit 
the study.to the claypan soils of Nebraska, but as the work developed 
it seemed wise to include three profiles from other sources. 

'·ItaIlo numbe.t'S In pare~theses refer to Lltereture Cited, p, 41. 

- . 
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In southern Nebraska isanaiea which a:ffordsan excellent field for 
the study of changes in soils brought about by climatic conditions. 
This area, which extends east-west across the southern part of the 
State, is I>!bout 325 miles long. The greater p!l.rt of it is mantled with 
Peorian loess. From about th~ longitude of Lincoln to the west State 
line the 10essial mantle is· almost continuous. East of this longitude 
it has been removed rather extensively but still caps many of the 
divides to within a few miles of Missouri River. Aside from some 
varis,tions in its lime content the loessial material over this area is 
rernarkably uniform in composition. Its .surface, as a rule, is nearly 
level or :very gently rolling, although it is modified here and there by 
shallow basinlike depressions and is crossed by narrow strips of steeply 
sloping or rough and hroken land along drainageways. There is a 
.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 land 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 .thearea. Patches of virgin grassland of varying sizes still 
remain in practically every township. Throughout most of the area, 

., native forest occurs only in narrow strips along drainage channels. 
The mea.n annual precipitation ranges from about 18 inches in 

Dundy County to about 32 inches in Richardson County. The mean 
annual temperature is almost uniform throughout the area, being 
50° F. 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 condition· occur through­
out. Obviously, differences in the soils developed 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 precipitation or increased or diminished locally by 
topographic features, account for the major soil featmes in a given 
locality. The region selected for study lies south of Platte River, 
extending from about the longitude of Lincoln to the westernState 
line. Throughout this region differences in temperature, owing ~vo 
differences in elevatio:Q or latitude, are not believed to be significant 
factors in soil formation. The character of the vegetation, avery 
important factor in soil development, is controlled by the amount 
and distribution of the rainfall. 

In any given precipitation belt the soil on the smooth but well­
drained upland receives the whole precipita.tion and develops a profile 
that maybe regard.ed 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 
aTeas 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 association 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. In the 
soils of the region under consideration an especially ObVIOUS character­
istic is the development ofa 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: ali 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. 

Sollsof the first four series named have developed in that par.t of 
the United States where the surface soils, as a result of moderate 
rainialland a heavy grass cover, have attained a very dark, in many 
places almost black, color~ They are classed as chernozems. 'rhe 
intensity of darkness~ the surface layers diminishes we8tward toward 
the region of lower rainiall and lighter grass cover, except.in the Fill­
more soils. Aside from the Fillmore soils, which may be regarded 
as intrazonal in their distribution, all the soils mentioned occur in 
more or less well-defined north-south belts across the southern part ttl! 

Nebraska. The Keith soils, which have developed in the :!'egion of 
lightest precipitation and grl!.ss cover, have the lightest-colored surface 
laye..-s and are defillitely classed with the chestnut-brown group t.\f 
soils. All the soil samples from Nebraska were collected by F. A. 
Hayes of the Soil Survey, 

One of the three other profiles introduced is a solonatz from Phillips 
sandy loam from Montana. This soil is developed under a scanty 
rainfall and grass cover but has a very distinct 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 claYP8.n and very distinct d()velopment of podzollike char­
acteristics. The third is a silt loam which has not yet beep. named, 
since it is in an unsurveyed area. It is, however, a prairie soil, 
occurring 6 miles west of McLeansboro, Ill. It has a well-defined 
claypan, and 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 
a wide distributi~n of' claypan throughout the Mississippi Valley. 
These soils are also similar in physical characteristics to the pleisto­
cene 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 
produce claypans in the present soils. Also, dense subsoils, resem­
bling 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 claypan should be of general in­
terest and have a direct bearing on soil genesis and colloid constitution. 

DESCRIPTION OF SOILS 

FILLMORE SOILS 

The Fillmore soils arE' typically developed in shallow poorly drained 
depressions or basins. These soils may occur in any part of the 10ess­
covered uplands where conditions of moderately excessive moisture 
prevail, but they are most abundant and cover a greater proportion 
of the area in the eastern part of the region under consideration. 

.. ~ 
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The Fillmore soils represent the most ext~eme development of the 
de.nse black claypan.The topsoil in few pIeces exceeds 9 or 10 
mches in thickness.. It is very dark in the upper part but in lnany 
places ~s leached and &;1most white in the lower part. The upper part 
o:f.the subsoil is a true claypan consisting of dense black clay from 
14 to 30 inches thick. .The clay in most places gives way rather 
8.bruptly at a depth of 8,bout 40 inches to light-gray limy and floury 
silt. 'I-his light-colored layer, or the lime zone, ranges from about 
8 to 14 inchas in thickness. It rests on Peorian loess. The loess 
contains less lime than the layer above. The profile Rtudied is a silt 
loam, a description of which follows: 

Location: On west side of 'road, 1,050 feet south of the northeast corner of 
sec. 15, T. 8 N., R. 9 W., Adams County, Nebr. 

Topography: Nearly level area about 12 feet below the surrounding uplands. 
Drainage: Water does not remain long on the surface but drains fllow1y to a 

slightly lower lying area. The claypan subsoil is nearly impervious to 
underdrainage. 

Vegetation: Virgin-hay meadow covered mainly by western wheatgrasB and a 
small sedge, with some bluegrass. 

AI. 0 to 2 inches, very dark grayish-brown silt loam. The upper half inch is 
structureless, and "the remainder is laminated. 

A,. 2 	 to 6~ inches, the upper 2 inches of which is light grayish-brown 
laminated silt loam. In the lower part gray material coats the hard 
granular particles of the d~grading upper part of the claypan. 

~l' 6~ to 16 inches, upper part of claypan. Black dense .structureless clay 
wmch contains round hard ferruginous pellets from one eighth to one 
fourth inch in diameter. 

B2• 16 to 38 inches, same as layer above, except that the color IS slightly 
lighterj passing into grayish bro"'"ll in the lower 3 inches. 

Ba. 38 to 42 inches, upper part of zone of lime accumulation. Grayish-brown 
friable structureless silt loam containing an abundance of lime carbon­
ate. The lime occurs in finely divided form and as a coating in root 
cavities. Streaks and spots of Iron are also plentiful. 

B,. 42 to 60 inches, appears to be the zone of maJdmum lime accumulation. 
The material is lighter in color than that in the layer above and contains 
lime concretions, some of which attain a diameter of three eighths of an 
inch. 

Bs. 60 to 84 inches, a transitional layer, in which the matepal is grading down­
ward to unleaiJhed loess. Lime is present but is less visible than in the 
layer above. Iron is abundant, and ferruginous tubes occur nsually in 
a vertical position. 

C. 	84. to 96 inches, the parent material consisting of Peorian loess. Pale 
grayish-yellow structureless silt. Contains an abundance ofiline, but 
there is no visible concentration. 

CRETE SOILS 

As we pass from the friable loess soils in eastern Nebraska and cross 
the vaguely defined belt of predominantly black claypan soils, we 
come to 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 inchE's. The soils of this beit have a 
brown claypan layer, slightly less dense than that of the Fillmore 
soils, but usually as thick. A typical profile of Crete silt loam ob­
served on the level uplands near Hastmgs, Nebr., is described. A 
sample of this soil was collected and used in the laboratory investi­
gations. 

Location: 350 yards south of the northeast corner of sec. 8, T. 6 N' I R. 9 W., 
Adams County, Nebr. Pit dug to a. depth of 7 feet on west siae of road. 

Topogra.phy: Nearly level area. on a smooth plain. 

i 
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Vegetation: Westernwheatgraiis and June grass, with some big bll1estem. 
Drainage: Surface drainage slow but good. Underdrainagepoo;r:' on account. 

of ·claypanlike. subsoil. ., 
Al~ 0 to 1% inches, very dark grayish-brown structureless silt lod.m milich. 
A,. 17f t04 inches, a laminated. layer. Very dark grayish-brown friable lami­

nated silt loam. Crushes no lighter than broken surface. 
Aa. 4 to 20 mches,very darkgrayish"brown faintly graniliar or stl'Ucturelesll 

friable silt loam. Crushes dark grayish brown. '., 
B1;, 20 to 38 inches, a claypan layer. Brown or dRrk grayish-brown dense clay 

with a prismatic structure. The structural aggregates are slightly longer 
vertically than horizontally but do notex:!eed one half inch in any 
dimension. Tllis layer becomes light gra"ish brown and a little more 

. friable in its lower 3-inch part which re~ts directly on the lime zone. 
D2• 38 to 60 inches, the lime zone. Very light grayish-brown structureless silt. 

Lime is abundant in disseminated form, as soft spots and splotches, as 
cO'l.tings on the surfaces of cracks, and as occasional small hard con­
cretions. 

C. 	60 to 84 inches, raw Peorian loess. Very light grayish-yellow structureless 
ailt. Lime is abundant, but there is no layer in which it appears to 
have accumulated. 

HASTINGS SOILS 

West of the belt of dense brown claypan soils is the belt of Hastings 
,Boil~. These soils have developed under less moisture than those of 
the Crete belt. Throughout the area of their distribution in Adams, 
Kea,rney, Franklin, and Webster Counties, Nebr., the annual pre­

. cipitation ranges from about 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 vp.gp,tation is of the tall-grass type, the Hast:ngs belt 
is in the eastern ,Part of the mixed-grass prairies. Here the moisture 
supply is not qUlte suffi~ient to s,!:pport the purely tall-grass type of 
vegetation so common ill the soil belts farther east. Tall grasses 
dominate, but short &,rasses are beginning to appear. 

Owing to decreased moisture, the upper part of the subsoil in the 
Hastings soils is not so dark, ,thick, or dense as the cOlTesponding 
layer in the Orete soils. However, it is by no means friable and is 
usually regarded as semiclaypanlike in character. . 

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

Location: 300 yards north of the southwest corner of sec. 4, T. 14 N., R. 13 
W., Sherman County, Nebr. Pit dug to a depth of 9 feet on east side 
of road. 

Topography: Tabular spur on nearly level plain. 

Vegetation: Big bluestem and western wheatgrass. 

Drainage: Surface drainage and underdra':nage well established. No erosion. 

AI' 0 to 6 inches, very dark grayish-brown structureless silt loa.m. Thickly 


matted with grass roots. No color change when crushed. 
A2• 6 to 20 inches, very dark grayish-brcwn structureless or very faintly 

'" granular silt loam. Crushes grayish brown. 
,$ B I • 20 to 30 inches, upper part of zone of malrimum compaction. Very dark 

grayish-brown moderately compact silty clay loam. Cloddy. The 
material crushes light grayish brown but is crushed with difficulty 
between the finger and thumb. 

B2• 30 to 43 inches, lower part of zone of ma:dmumcompaction. Same as Bh 
.except that the material is slightly lighter in color and a little more 
compact. 
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B8• 43 to 57 inches, atransitiona1layeX:between zone.of maximum compaction 
and llinezone. Very light grayIsh-brown structureless friable silt loam. 
Crush€s no lighter than a broke:n surface. This layer ccntains scattered 
rust-brown ferruginous, spots find splotches. The material shows no 
effervescence ,yhen acid. is app)jed. . 

B•. 57 to 78 inches, the zone of maximum carbonate enrichment. Very light 
grayish-brown stmctureless silt. Lime is abundant, occurring as 
·filmlike coatings on the surfaces of cracks, in myceliumlike arrangemen.t, 
and in disseminated form. The layer also contains a few filled rodent 
burrows, in which the material is dark colored .and free from lime. 

C. 78 to 108 inches, the parent Peorian loess. Pale yellowish-brown structure­
less silt. This ma,terial fa rich in dieseminated lime and also contains 
scattered lime concretions from one sixteenth to one eighth inch in 
diameter, but there is no layer in which the carbonates apnear to be 
concentrated. '. 

HOLDREGE SOILS 

West of the Hastings belt are the Holdrege soils. They have dev~l­
oped under a precipitation ranging from about 20 to 25 inches per 
annum and occupy the central and western parts of the mixed-grass 
pra~i~ re~on.. In the eastern part of the Holdrege beit, where the 
preCIpItatIOn IS greatest, tall and. short grasses are about equally 
abundant, but in the western part short grasses dominate. ThesB 
soils differ from tbose of the Hastings series only in degree of claypan 
development. A tlilll, ratber tight layer is developed in the upper 
part of th.e subsoil in nearly all of the more nearly level areas of the 
Holdrege soils. ThiEi layer, although thinner and less compact than 
the corresponding layer in the Hastings soils to the east, otherwise 
has most of the charact6nstics common to that layer. On the more 
rollip.g areas the tight layer almost disappears in the Holdrege soils. 
Following is a description of a typical profile of Holdrege silt loam: 

Location: 2,400 feet west of the northealf' ':.orner of sec. 20, T. 6 N., R. 19 W., 
Phelps County, Nebr. 

AI' 0 to 4 inches, dark grayish-brown structureless or laminated silt loam. 
A2• 4 to 7 inches, very dark grayish-brown laminated silt loam. Crushes' to 

dark grayish brown. 
A3• 7 to 18 inches, very dark grayish-brown mealy silt loam. Crushes to a 

slightly light.er color than crushed material from the layer above. 
Horizon has imperfectly developed columnar form. It corre&ponds, in 
its profile po'sition, '.0 the granular layer of soils farther east. 

Bj • 18 to 30 inches, the zone of maximum compll.ction. Grayish-brown moder­
ately compact silty 131a:y loam. Material seems to be made up almost 
entirely of worm and insect borings. It is cloddy. . 

B,. 30 to 49 iuchoo, light grayish-brown friable silt loam which is somewhat 
cloddy and contains very little lime. Borings are as numerous as in 
Jayer abovf~. This is a transitional layer between the zone of maxi­
mum compaction and the lime zone. 

Bs. 49 to 72 inches, light grayish-brown structureless silt. Carbonates are 
abundant, occurring chiefly as filmlike coatings on the surfaces of clods 
or of cracks and also in dendritic filaments. 

C. 72 to 96 inches, parent loess of light grayish-brown color. Lime is abundanJ
., 

but carbonate segregations are rare. 

KEITH SOILS 

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

Locatio:r;t: 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: Guod surface drainage and underdrainage. No erosion. 
Vegetation: Western wheatgrass and grama grass. 
AI. 0 to ~ inch, grayish-brown structureless silt loam. 
A2- %to 3~ inches, chestnut-brown laminated silt lOam. 
BI • 3% to 14 inches, dark grayish-brown friable I!tructureless or mealy silt 

loam. Worm and insect borings and {lasts rather numerous. Material 
brea.ks into seft clods of irregular sizes and shapes. 

B2• 14 to 21 inches, upper pari of lime zone. Grayish-brown cloddy friable silt 
loam. Limy. Carbonates occur in small soft spots, iI)' ,-,lotches, and 
as filmlike coatings on the surfaces of clods. Borings veIl abundant. 

5.'1 21 to 33 inches, the zone of maximum lime accumulation. ight grayish­
brown structUF.n1eSB silt loam. Lime very abundant, occurring both in 
disseminated form and as coatings on clods. Material breaks into 
irregular-shaped clods which are moderately hard to crush between 
fingers and thumb. 

6.2 33 to 40 inches, very light sr'.lyish-brown structureless silt. Very limy. 
Material breaks into rather de'linite clods of various sizes and shapes, 
but they are softer than in layer above. 

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

8.2 48 to 72 inches, the parent loess. Light grayish-brown floury silt. Limy. 
9.2 72 to 96 inches, same as layer above. 

PHILLIPS SOILS 

The Phillips soils of northern Montana represent a group of soils 
which have developed a claypan layer. The sample under investiga­
tion was taken in an extensive area in northern Montana. The 
Phillips soils in this area have their most eastern extension 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 elevation 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 annual temperature is about ~5° F. The surface relief 
is :flat or very ~ently undulating, and over the greater part of the area 
the precipitatIOn is retained by the soil upon which it falls. The 
surface covering, which is the parent material of the soils, is glacial 
drift. The area covered by this soil is well within the p'lains grass­
land with its short-grass vegetation. The normal soil developed 
under the climatic and vl3getative environment has a moderately dark 
grayish-brown surface hwer, a slightly heavier upper subsoil layer, 
and a carbonate accumulation at a slight depth below the surface. 
The development in the Pliillips belt of an extremely compact layer 
would indicate a difference in the composition of the parent material . 
from that of the normal soils of the area. The location and descrip­
tion are as follows: 

Location: 20 miles south of Malta, Mont. 
AI. 0 to 1~ inches, a dust mulch. 
A2• 1* to 4 inches, a dark ~8'!rish-brown laminated layer, with blocky breakage, 

not columnar; laminations distinct when the material is broken out. 
I 0 horizons not distinguishable in the field. 
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BI. 4 to 9 inches, grayish':brown columnar fine sandy loam, somewhat com­
pact in position. Apparently segmented hardpan columns. . 

B2• 9 to 19 inches, dense claypan layer, dark grayish brown, distinctly col­
umnar; columns one half to 1 inch in diameter; material very compact in 
position but breaks into small blocks when dug out. . 

Ba. 19 to 36 inches, the layer of greatest apparent lime accumulation. Material 
white and olive brown, firm in position, breaks out in finely compact
clods. 

B 4• 36 to 54 inches, similar to layer above, except there is more olive brown 
and less white, apparently less lime; clods slightly softer. 

C. 	54 to 64 inches, graytSh-yellow 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 lacustrine 
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 prairie region. The claypan ~pots occur in slight depressions 
in a generally flat surface. The mean annual rainfall 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
tioD. is in the light color of the A2 horizon and the very great contrast 
with the texture of the B horizon. The sample studied was collected 
by C. C. Nikiforoff at a point about 30 miles south of Moorehead, 
Minn. The profile is described as follows: 

AI. 0 to 6 inches, very dark grayish-brown or black material. Structure 
usually "finely granular. This surface soil is not noticeably different 
from the surface layer of the surrounding areas. 

AI. 6 to 10 inches, light-gray or ash-colored material. Loose with laminated 
structure, the laminm being very fragile. Material crumbles easily into a 
loose light-gray powder. 

B. 	12 to 20 inches. This horizon begins abruptly. Black material, extremely 
ha1:d and compact 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 proceeded 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 breaks up into irregular blocks. 

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

McLEANSBORO SOILS 

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 is the characteristic soil of the flat areas 
of the district. The hardpan is very dense and nearly impervious to 
water, but it dries out, leaving large cracks through which some 
drainage takes place. The mean annual rainfall of the area is high, 
40 to 45 inches, and the removal of colloid from the A horizons is very 
marked. The description of the profile follows: 

AI. 0 to 8 inches, dull-brown silt loam, somewhat dark. 

A2• 8 to 12 inches, pale-yellow silt loam. 
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BI • 12 to i6 inches, heavier than A2• Consists of or contains well-defined small 
structure particles, each of which is coated on the outside with bluish 
or bluish-yellow material. The insides of the particles are reddish. 
Mass is of loose consistence. 

B2• 16 to 19 inches, a gray layer consisting, like BIt of small structure particles, 
each of which is covered with a coating of gray' powdery material, the 
inside of each particle being reddish brown or yellowish brown in color. 

Ba. 19 to 26 inches, claypan made up mainly of angular structure particles 
ranging up to an inch or less in diameter. Each particle is coated with 
dense black material, and the insides of the particles are of rust-yellow 
color traversed with small black streaks. 

C. 	26+ inches, moderately heavy parent material breaking into irregular clods. 
The material in most places is rust yellow or pale grayish yellow and 
contains many small black spots and s.treaks. 

METHODS OF EXAMINATION 

The mechanical analyses were made by the pipette method de­
scribed by Olmstead, Alexander, and Middleton (21). Included with 
the mechanical analyses are determinations of organic matter by 
hydrogen peroxide. This method as used is not one of precision j and 
when but small quantities of organic matter are present with consid­
erable soluble inorganic matter, the inorganic matter is not reported. 
The chemical analyses of the soils were made according to the pro­
cedure described by Robinson (26). The colloids were extracted from 
the soils with the aid of the supercentrifuge 8-nd essentially as de­
scribed by Brown and Byers (7). In none of the horizons extracted 
was it found desirable to use Rny agent to assist the dispersion in water. 
Five hundred grams of the soil were kneaded to a plastic mass and 
dispersed by hand rubbing in 10 gallons of distilled water. The 
resulting suspension was centrifuged at a rate of 17 seconds per liter 
at a speed of17,OOO revolutions per minute (diameter of bowl, 4 inches) 
The colloidal particles remaining suspended were certainly less than. 
1 p. in diameter and probably few exceeded 0.3 p.. The dispersion in 
the same water, after filtration, was repeated foUl" times. The result­
ing colloid was collected on Pasteur-Chamberland filters by suction 
and amounted to 30 to 80 percent of the quantity of colloid shown by 
mechanical analysis. The final drying of the colloid was effected on 
a steam bath. 

The colloids were analyzed by the same methods employed for the 
soils. In calculating the "water of hydration" tlie carbon dioxide 
content, as well as that of the organic matter, was subtracted from 
the loss on ignition. 

The pH values 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). All samples were air-dried. 

The water-vapor absorption of the colloid was determined by the 
method described by Robinson (25) and Middleton (19). 

Because of the large quantity of analytical data, it is presented in 
separate tables for each soil examined, together with a brief discussion 
of each table. These tables are followed by a series of tables which 
~esent certain data which are derived from the analytical results. 
Finally a resume of the more pertinent features is presented. 

12077"-33-2 
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ANALYTICAL RESULTS 
THE FiLLMORE PROFILE 

Fillmore silt loam is the most highly weathe:-ed of the group of 
Nebraska soils examined. The data obtained by mechanical analyses 
are presented in table 1. The chemical analyses of the whole soil are 
presented in table 2, and the analyses of the extracted colloid are given 
tn table 3. 

TABLE l.-Mecha'aical analyses of Fillmore silt loam I 

... ., ... 0I I»I d ., d I .0 e I l ~ 2- e e I ~ '" 
o;~ e~ 

'tj~ 

~ I ~~0'tj8 ~ "" 2 
~o

Bampleno. Horizon .. a ~a "tja m~ a0 
I "" a~tl,a i~ I::IS ~ S1::10 C) "''''' 0co ~~ <=Ie "" e :s!" co :a '"co e I»~ .El ~ 

0 co .El b .... :g0 

. :::lA 0 ~ > rn 6 0 J 
---------------.­"" "" 

Per- Per· Per· Per· Per- Per· Per· Per- Per-
Inch.! cent cent cent cent ·cent cent cent cent cent 

8089______________ A._____________ 
8088______________ At _____________ 

0 -2 0.0 0.1 0.1 0.2 6.6 59.3 28.3 20.2 6.4 
8090______________ Bt _____________ 2 - 6H .0 .1 .1 .2 8.1 60.2 27.6 19.8 2.9 
8091_____________ BI_____________ 6*16 .0 .0 .1 .1 4.3 41.6 52.0 48.2 1.2 
8092____________ B,_____________ 16 -38 .0 .1 .1 .1 4.1 40.0 64.7 50.2 .6 
8093 ______________ B,_____________ 

~_ 

38 -42 .1 .1 .1 .2 4.5 64.2 39.8 29.8 .4 
8094 ______________ B,____________ 42 -60 .2 .3 .2 .4 6.4 60.0 31.8 22.9 1.1 

60 -84 .1 .1 .1 .3 /;.7 64.3 28.9 23.3 1_08095______________ C______________ 84 -96 .0 .2 .1 .1 4.2 63.3 31.6 25.4 '.0 

I Analyses by H. W. Lakin and T. M. Shaw. 
I Organic matter not present in 61,,!)SS of 0.4 percent. 

The mechanicnl analyses indicate a very striking case of unifol'mity 
of texture throughout the profile so far as the sands are concerned. 
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 cla.ypan zone, the BI and B2 horizons, the clay con­
tent is nearly 100 percent greater than in Al and A2 and is also greater 
than in the lower horizons. It js to be noted that the colloid content 
is greater, relative to the total clay, in all horizons than in the Al and 
A2 horizons. These facts when taken in conjunction with the addi­
tional fact of higher organic content of the Al and A2 horizons are indi­
cations of enrichment of the lower strata by illuviation. 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 Al and A2 horizons. The lower 
silica and hkher iron and alumina content of Bl and B2 are due to 
increased conoid present in the hardpan, while in Ba and B4 the 
presence of the carbonate accentuates the decrease in silica content. 
The transfer of material indicated by the silica relations and by the 
increase of calcium carbonate is also indicated by the hydrogen-ion 
concentrations of the horizons which gradually decrease, with in­
crease of pH, until the value corresponds to that of calcium carbon­
ate. The same relation is also indicated by the soluble salts which 
reach a maximum value in the layers immediately beneath the hard­
pan. 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 pr~ence of approximately 20 percent undecom­
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posed feldspars in the silt. This indication from the analyses was 
confirmed b;V 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 
and that the tran131ocation which occurred is essentially of colloid 
only. 

TABLE 2.-Chemical analyses of Fillmore silt loam 1 

SBIIlple no. Horizon Depth SIO. Fe,O. Al,O. MgO I CaO K,O Na,O • TiO. 

Inche8 Percent Percent Perc.nt Percent Percent Percent Percent Percent8088___________ A,_________ 
0 -2 71.93 2.74 9.46 0.95 1.25 2.31 1.45 0.53 

8090___________ 
8089___________ A,_________ 

2 - 6~ 75.00 2.40 10.04 .88 1.18 2.46 1.55 .56B,_________ 6~-16 67.64 4.99 14.32 1.53 1.20 2.58 1.22 638091.__________ B,_________
8092___________ 16 -38 66.70 5.13 15.05 1.68 1.32 2.57 1.24 63B,_________ 
8093___________ BI_________ 38 -42 57.68 3.85 11.51 2.08 9.87 2.24 1.16 .52 
8094___________ B,_________ 42 -00 62.56 3.20 11.64 2.07 7.28 2.27 1.51 04 
8095___________ C_________ 60 -84 66.10 3.52 11.40 2.00 5.10 2.39 1.59 .0'5 

84 -96 67.20 3.36 12.00 2.08 4. 76 2.37 1.43 .07 

" 

IgnitionBampleno. Horlzon Depth MnO P,06 SO. Total CO,, N pH !SOIUbI9loss salts' 

Pam 
per

Inche! Percent Percent Percent Percent Percent Percent Percent 11tIIlion8088_ . _____ At______ 0 -2 0.05 0.30 8.88 0.16 100.01 0.33 5.1 3008089_______ A.______ 2 - 6~ .04 .21 5.61 .15 100.08 .21 1i.4 040 
809L______ B2-____ 
8090_______ llt______ 

6~-16 .04 .18 Ii. 59 .14 100.06 .• 12 6.7 04o~l!16 -38 .07 .24 5.31 .12 100.11 .01 7.1 8008092_______ B,______ 38 -42 .05 .31 10.70 .11 100.08 Ii. 85 .01 8.6 1,180 
8094_______ B6______ 
8093_______ BI______ 42 -00 .05 .16 8.85 .16 lr.o.29 4.15 .03 8.6 1,180 

60 -84 .05 .13 7.16 .12 lW.ll 1.79 .04 8.6 1,040C______8095_______ 84 -96 .05 .16 5.50 .12 99.60 1.47 .03 8.6 1,060 

I Determinations (except pH and soluble salts) by J. G. Smith . 
• CO, of the carbonates. 
'Determined 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 
analyses as 100 percent. The distinctly acid horizons are less easily 
dispersed than those approaching the alkaline range. The more dif­
ficultly dispersible material is also highest in organic matter. The 
colloid throughout is characterized by its uniformity of chemical com­

i:position when due allowance is made for the organic matter of Al and 
A2 and for the presence of carbonates in the Ba and B4 horizons. The 
parallelism between the or~anic matter and the content of man~anese, 
phosphorus, and sulphur IS usual. The deficiency of magnesmm in 
the Al horizon and the larger quantities of calcium and potassium, 
as compared with the A2 horizon, may be noted, since this peculiar­
ity is confined to this soil type among the chernozems reported in 
this investign,tion. Though it is more frequently encountered in the 
colloids from humid soils, it is by 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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::::: . TABLE 3.-0hemicIll analyses oj Fillmore silt loam colloid 

Oollold 
Blimple no. Horizon Depth ex- BIO, Fe,O, AbO, MgO OaO K,O

tracted 

8088~ _________"__ AI_______________ l1iche! Percent Percent Percent Percent Perctllt Percent Percent 
8089_____• _______ A,___________ •___ 0 -2 38 49.51 7.20 17.59 1.97 1.67 2.35 
8090_____________ BI_______________ 	 2 - 6).i 37 51.35 8.30 18.53 2.78 1.25 2.52 

6).i-16 79 52.95 8.94 21.62 2.76 1.37 2.44809L ____________ B,_________ "_____ 16 -38 73 53.80 9.28 21.00 2.00 1.78 2.44B."______________8092_____________
8093_____________ B,_______________ 38 -42 69 51.40 8.31 18.13 2.48 5.54 2.03 
8094_____________ B,_______________ 42 -60 71 52.03 7.76 IS. 01 2.75 5.50 2.07 
8095____ ! ___ ____ C_______________ 60 -84 69 54. 55 7.43 20.60 2.72 3.04 2.27 

~ 

84 -96 71 04.68 7.80 20,26 2.68 2.64 2.29 

IgnI-1 Or­
ganic 00,' 	 NBrunple no. Horizon Depth Na,O TiO. MnO p,Oa BO, 	 tiOD Total mat­loss 
 ter l 

Per- Per- Per- Per- ptr- Per- Per- Per- Per­
8088__________ Inche8 cent cent cent cent cent cent Percent cent cent centAI __________
8089__________ 	 A,__________ 0 -'2 0.42 0.65 0.13 0.34 0.28 18.52 100.63 12.73 0.70 

BI__________ 2 - 6).i .45 .74 .11 .25 .19 14.20 100.67 7.62 .33S090__________8091._________ 6H-16 .39 .67 .09 .22 .10 9.03 100.58 2.05 .14B,__________ ~~l8092__________ 	 B.__________ 16 -38 .22 ' .68 .09 .20 .09 9.33 101.51 1.84 .12 
38 -42 .50 .68 .OS .38 .14 10.68 100.30 1.46 2.33 .128093__________ 	 B,__________ 
42 -60 .40 .68 .OS .20 .12 10.47 100.07 1.11 2.40 .13 

8095__________ 
8094__________ 	 Ba__________ 

60 -84 .45 .67 .05 .30 .11 8.20 100.39 .94 .81 .OS0 __________ 84 -96 .41 .65 .05 .19 .OS 8.46 100.19 .53 .66 .07 

IDetennined by combustion method (00,XO.471).

00, of the carbonates. 


'Trace. 


TABLE 4.-Derived data: Fillmore silt loam colloid 

Molecular ratio Clom­
binedWater waterBrunple no. Horizon Depth 	 ofhy-BIO.I of the BiO. BiO, BIO, Fe,O. dration soilTotiifFe,O•.AhO. Fe,O, AbO, AhO. bases acid' 

Inches 	 Percent Percent 
80~8_____________ AI_________ 0 -2 3.76 18.20 4.75 0.262 7.44 5.79 9.00 
8090_____________ BI...._____ 
8089 _____________ A._________ 

2 - 6).i 3.65 16.37 4.69 .287 6. SO 6.58 9.55 
8091. ____________ B,...._____ 6).i-16 3.22 15.52 4.05 .259 7.02 6. 98 9.18 
8092_____________ 16 -38 3.52 15.36 4.34 .283 7.05 7.49 	 9.82B,...._____ 38 -42 3.73 16.39 4.80 .293 6.28 6.84 9.99 
8094_____________ 42 -60 3.84 17.75 4. 90 .276 6.47 0.96 9.96
8093_________ ..__ B,..______

B,.________ 60 -84 3.65 19.40 4.21 .231 6.72 6.45 	 9.150 _________8095_____________ 84 -96 3.67 18.60 4. 57 .246 7.00 7.27 	 9.80 

1 Oarbonates deducted. 
'Water of hydration plus the water equivalent of the bases, corrected for organic matter and carbonate 

content. 

The uniformity of the ratios is remarkable and, indeed, seems 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 AI and A2 than in the claypan 
horizons. There is a minor alteration in the silica-ferric oxide ratios, 
and of the ferric oxide-alumina ratios, which indicates a very slight 
amount of fractionation of the colloid which is so marked in podzol 
soils (3, 7). 'l'he colloid of these soils, when the organic matter is 
removed by hydrogen peroxide, is grayish white, and this would 
seem to indicate that, but a very small 9uantity of ferric oxide or 
hydroxide can be present as such. The silica-alumina ratio indicates, 
,~s does nlso the presence of feldspars in the soill a comparatively low 
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,.degreeofweathering ,prof :rem0val 6f ·silicaby leaching. The -silica­
.total ,base ·ratio is fairly xmiformthroughout the profile, though 

'"""despite the 'supposedly strong base..;holding pow-e.r ,of organic matter, 
the tot.al bases present :are least ill theA! honzon. The water of 

•hydration is somewhat variable, but within ,anarxow range. 
The total combined. water of thesoil.acid .given in the lastcolumll 

·.of'table 4 is the ,sum of the water ofhydrat,ion (the ignition loss less 
.the ,carbon ,dioxide and organic matter) .and of the water equivalent 
of the bases and corrected for the organic matter and.carbonatecon­
;tent.Thequantities so' anived .at indicate the amount ·of water 
which will result from the ignition of acids of the types assumed to 
exist in colloids, a,s discussed by Brown and Byers (7) .and more fully' 
discussed by Byers (8). If the colloid were .a pureaeid, which of 
CA)urse it is not, and were ·ofthe montmorillonitic type (see General 
Discussion), the water loss indicated should be 10;6 percent,and if ·of 
the llyrophyllic type it should be 13.6 percent. 

Too much reliance on the validity of these calculations is to be 
guurdedagainstsince,as will be more fully.discussed after all the 
data are presented, they are affected bya number of sources of err0r 
.of unknown magnitude. ,Thes~ include .uncertainty ofguantity of 
o~anlc matt~r, the proba1?le pr~sence in the colloid of UD.~ecomposed 
mmeral particles of collOldal SIze, and the lack ·ofeVldence that 
"combined water" is limited to that present at 1050 C. It must .also 
be observed that, the water equivalent of the bases includes any bases 
present in the organic matter. The remarkable 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 profile is, so far as its inorganic material is concerned, 
.essentially a definite.chemical substance. 

THE CRETE PROFILE 

As mentioned in the introduction,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 lying to the east of th*-'::n.. 

r 
if 	 The particular profile for which analytical 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 3. It has therefore developed under 
practically ide';1tical conditions, except for bet~er .drainage an4 as a 
consequence mth pl'obablydecreased hydrolysIs and less leaching. 

TABLE 	5._Mechanical analyses of Crete Biltloam l 

,'!j '!j~ ''!j,., CI -J1> 	 , ""~ 2l
"'~ 1L an~i 

"'~u .~.~ ~~ .~J 0;0Ei Q):g ~~ Q)", "'-1 	 0
Sample no. Horizon ..... .,. ~.~ 	 ':., .sill

~l 
cl3d e~..,0,s .cg~ .. , -, :~ -'" lijl» 

~aq _0 ,,8 ~,Q.E~ 
A "" '" .r.. OC :~8 ,~e. i; 00 

@ os. 0 

Per- Per- Per- Per- Per· Per- Per- Per- Per­
,8099____•________ Inches cent c.!nt .cent cent cent .cent cent cent cent 

Al~__....!...__ .._....__8100. _____________ ;A,_______________ 0 -1}2 0.1 0,1 0,1 0,2 7.0 70.0 18.5 15.0 2.0 
8101. _____________ A'_______________ 1}2- 4 .0 ·.1 .1 .2 7.4 66.0 .23,5 20,3 2.' 

:8,_______________ 4 ~2O .0 .0 .• 1 .1 5.5 28 3 24,0 2.2'8102________ _____~ 63,61 •8103______________ B,_______________ 20 -38 .0 .0 .0 .1 4.3 43,3, 51.0 46.2 .9 
,8104______________ 0 _______________ 38 -60 .1 .!a 7.0 23.7,0 .0 62,0 30,0 J.O 

60 -84 .0 .0 .0 .1 6.S 66,7 26,7 20.1 J.O 

,1 Analyses byE. W. Lakin lind T. M. Shaw. 

I OIilUllo matter not present in excess or 0,4 percent. 
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In mechanicalcomposlltion (table 5) the lesser degree ·of weathering, 
as compared with the Fil!lmore silt loam, is indicn.ted by the somewhat 
larger percentage of ·silt .and$maller percentage of clay in the At, A2, 

and Aa horizons and by ia less marked translocation ·ofcolloid to the 
B horizon. Perhapstlllese differences may be ascribed to better 
surface drainage on SiOPI3S, or less .rainon flats, and in part to better 
und:ardrainage which giVies rise to a deeper penetration of translocated 
~olloid be.for~ an impervious layer is developed. To better drainage 
III to .be ascnbed, also, the almost complete removal of .carbonates 
from the profile,as shnwn in tables 6 and 7. 

TABLE6.-Chi~mical analyses of Crete 811t loam Boil! 

Sample no. Horlzon Depth I SIO. Fe,O. A],O. MgO OaO !GO Na.O TIO. 

------I---'------
Inche8 Percent Perce'T!t Percent Percent Percent Percent Percent Percen!8099_________ AI___________ 


8100 ________ A,___________ 
 0 -IU 74.88 1.36 11.40 0.87 1.30 2.19 1.79 0.62 

810L________ A.a___________ 1U- 4 74.22 2. 91 10.26 .95 1.32 2.31 L66 .61 
4 -20 73.78 '3.12 10.98 1.05 1.38 .2.29 1.58 .628102_________ BI___________ 

20 -38 67.24 5.28 13.26 2.07 1.40 2.64 1.10 .628103_________ B2__________ 
38 -60 69.00 4.72 18.04 1.64 2.40 2.69 1.43 608104_________ 0 ___________ 
60 -84 7L50 4.24 12. 30 1.85 1.50 2.74 1.41 58 

Soln-Sample I~-
Horizon Depth MnO P.O, ton SO. Total 00,' N pH bleno. 

10SB salts • 

Parts 
per mit-

Inch" Percent Percent Percent Percent Percent Percent Perct1lt lion8099______ AI_______ o -1~ (') 0.14 5.41 0.12 100.08 0.00 0.13 7.2 <2938100 ______ A2_____.. 1~- 4 0.02 .13 5.27 .13 99.79 .00 .15 6.3 <29~810L _____ Aa_______14 -20 .05 .12 5.53 .14 100.64 .00 .17 6.6 <2938102 ______ BI_______ 20 -38 .06 .21 6.78 .16 99.82 .00 .10 7.1 34o8103______ B,_______ 38 -60 .• 06 .21 ·4.11 .12 100.02 .32 1,44oC_______ CoO :g; I 8.6 
8104______ -84 .08 .21 3.14 .10 99.65 .04 8.6 800 

1 DeterminatIons (except pH and solnble salts) by 1. G. Smith. 
, CO, of the carbonates . 
• Determined by bridge method . 
• Trace. 

The effect of improved draina~e is also shown in table 6 by. the low 
soluble salt content of the A honzons and the, by contrast, .w.gh con­
tent of the layer immediately beneath the claypan. The driel' 
average state of the Crete soil, as compared with the Fillmore, is 
indicated by the higher pH values of the A horizons and again by the 
lower content ·of organic matter as measured by hydrogen peroxide 
treatment. In other respects the general relations shown by table 
() 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 
Boil (table 6) indicates essential constancy .of composition except for 
translocation . .ofcolloid. . 

The analyses of the colloid (table 7) likewise indicate a greater 
.degreeof permeability and relative dryness of the Crete soil, which 
may be assumed to be the reason for the marked uniformity of the 
colloid. The quantity extracted by identical treatment without 
dispersin.gagent is not widely- different .in the different horizons, the 
range being from 49 percent mthe Al horizon to 78 percent in the B.Il' 
The colloid differs most markedly from the Fillmore colloid in the low 
content ·.of calcium carbonate in the lower strata .andin the organic­
matter .content of the A horizons. , 
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TABLE 7.-ChemicalanaZUSe8 .of Crete siltZoamcoZZoicl 

Colloid J 
Bampleno. Horizon Depth ex­

tracted 
SIO. EeoO. .AhO. MgO CaO K,O NB10 

- ------------- ­
8099___________ AI________ 	 Inchu Perctnl Percent Percent Perctnl Percent Percent Perctnl Percent 

0 -l~ ~ 60.30 .1.31 20.88 2.14 1.41 2.65 0.39
8100 __________ ~ A2_______ 

1~4 ,55 ,60.00 1.36 20.47 2.08 L51 2.55 .40810L________ 1'>_____...: 
~ 

4 -20 65 60.11 7~68 ~18 2.23 L45 2.1,7 •.408102_________ 111_________ 20 -38 73 52.20 7.79 22.14 2.75 L35 2.40 .32 
C_________ 

81il3___________ 112-________ 
38 -60 18 '53.60 8.36 20.03 8.27 1.90 2.18 .81811J4..__________ 60 -84 .70 t;1l.9S 8.42 20.25 au L49 2.28 .!IS 

Or-Sample 	 ~-Horizon Depth TIO. ,MnO P.O. SO. nl on Total ganlo CO,, Nno. lOllS matter I 

-------_..- ----I~--I-------- ­
lnch.a Percent Percent Percent" Percent Percent P~rcent Percent Percent Percent 
0 -1~ 0,68 0.16 0.33 0.25 14.111 ioo.68 6.59 0.00 0.42 

8099 ____ AI____! 
8100 _____ A .... ___,_ 1~2- <\ .75 .11 .34 .21 14.66 100.44 7.18 .00 .4481OL____ A,______ 

4 -20 .76 .1e .a9 .23 14.23 100.23 6.65 .• 00 .448102____ 1:,,____ 
20 -38 .72 .07 	 .19 .28 lO.liO 100. 7~ 2.28 .00 .1881il3____ B,____ 38 -60 .77 .10 	 .19 .:l9 8.74 00.74 Lll .37 .14C _____ 8104.___ 60 -84 .75 .10 	 .14 •.24 9.16 100.20 .~1 .30 .13 

• Determined by ,combustion method (00. X 0.471). 
• CO, of the carbonates. 

The avera~e content of potassium oxide in the Crete colloid is 2.42 
percent ~nd ill the Fillmore is exactly the same, while the same con­
stituent is 2.40 percent in the soil of both. TIlls apparent identity 
is more fortuitous than real, since the content of organic matter and 
of carbonates .are both greater in the Fillmore soil and colloid. The 
figures, however, do indicate an essentially like degree of saturation 
of the two colloids by this not readily exchangeable base and lends 
emphasis to the assumption that botlicolloids contain the same soil 
acid. This assumption is best established by a consideration of the 
data derived :from the colloid analyses and given in table 8. 

TABLE B.-Derived data: Creterilt loam colloid 

I 
 Molecular ratio 
 -I Com­
w~_', "blned 

at waterBampleno. lIorJzon Depth hydra· of theSlOt BIO, Fe,O. SIO,II SIO, 	 tion sonFe,O•. Al,O. Fe;o; Al,O. Al,O, Total bases 8/'Jd J 

-
8099_______ AI_______ Inches 	 Percent Percent 

o -1~ 8.34 18.20 4.09 0.224 7.41 7.59 10.2881Oll________ A .... _____ 
1*- 4 3.37 18.00 4.14 .230 1.40 '7.48 10.238101._______ AJ_______ 
4 -20 3.39 17.30 4.21 .243 6.72 7.58 10.52,8102_________ BI _____ 

20 -38 3..26 17.70 4.00 .225 7.04 8.22 1(}./118103_________ 112-______
C______ 38 -60 3.58 16.96 4.53 .267 6.59 7.26 9.888104_________ 

60 -84 3.57 16. 95 4.51 .206 7.07 7.95 10.48 

I Carbonates deducted. 
• Water of hydration plus the water equivalent at the bases, corrected Cor organic matt~r and carbonate 

content. 

The silica sesquioxide ratios shown by the Crete colloid average 
3.42, and those of the Fillmore average 3.63. The corresponding 
averages for the silica-alumina ratios are 4.25 ana. 4.50, respectively. 
Taken by.themselves, these values seem to indiC8,te a. grea.ter degree 
ofhy:drolysis in the Crete. It is probable, however, that the relatively 
small differences noted .are due to the removal of silicic acid by better 

. 
;. , 
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drainage in the Crete. Some translocation ·of iron oxide downward, 

i.e., fractionation of the colloid, is indicated by the decreasing silica­

ferric oxide ratios and increasing ferric oxide-alumina ratios. This 

indicates that :podzolization is slight. 


More important is the silica-total base ratio, which is nearly 

uniform in the Crete profile, while it is less constant in the Fillmore. 

111 both soils, however, if the .organic content of the colloid is taken 

into account, 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 is 10.33 percent. When one considers the known sources of 

elTor in computing this component, aside from the unavoidable 

lI.nalytical elTors, the constancy is surprising. 


THE HASTINGS PROFILE 

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

given in tables 9, 10, and 11, is from Sherman County, Nebr., a 

little to the northwest of the Fillmore and Crete samples, but it is 

representative of the soils lying directly west of the Crete area and 

which are developed under lower rainfall than are the soils previously 

discussed. 


TABLE ri.-Mechanical analY8e8 of Ha8ting8 Bilt loam 1 

<:> <:>-c -c~ -c~ 

~~ 1~ ~ "" 
1 1-; lil 

:~ :~ ...... ..~ 
I~ ~~ ~~ 

~ 
"'" 

Sample no. Horizon 
;m .,; .,tI\..... Jil o q~ e~ 

a~ 

1 "0 "" ~~ .. I e ;~
-B -I 1»1 I» "0 ~~ .. lie ~J. -c"" =~ ... ~ ::l .. 

o~ '" . ~ .S! 0 .."" ::ge ;:eA ~ 0 ~e. 0 0 0'" 
Per- Per- Per- Per- Per- Per- Per- Per- Per· 

Inchu unt cent unt cent cent unt unt unt cent 

8080__________•___ A,__ ______________ 

8079. _____________ A,._______________ 

l}- II 0.0 0.1 0.1 0.3 12.9 58.4 24.3 21. 9 3.5 

8081. _____________ R, ________________ 6-20 .0 .1 .0 .2 9.1 57.1 30.8 27.0 2.2 

8082______________ D,_________________ 20- 30 .0 .0 .0 .1 9.3 49.1 40.9 35.8 .6 

8083______________ D,________________ 31}-43. .0 .0 .1 .1 11.1 48.1 39.9 34.0 .6 

43- 51 ;58084._____________ B,_________________ :0 .0 .1 .1 16.1 64.6 29.6 23.0 
8086______________ C_________________ 67- 78 •.1 .1 .1 .2 111.5 67.1 22.5 14.8 .4 

78-108 .0 .1 .1 .1 18. 6 67.6 23.0 16.6 .6 

I Analyses by H. W. Lakin and T. M. Shaw. 

•The data given in table 9 indicate that the lower ni"mfall and con­

sequent lessened percolation have produced less differentiation 

between silt and clay in the A and B horizons 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 penetration of the 
smaller quantity of water available. These characteristics of the 
soil are also 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 increased .sodium content of the soil. 
As in the previous profiles, the presence of unweathered feldspars is 
indicated. 
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TABLE,10.-Chemical analyses o~Hastings silt loam Boil l 


Bampleno. Horizon Depth 'BIO, ' FeJO, Al,o. MgO CaO K,O Na,O TIO, 


AI_____________ Inchu Pe;-r.ent Percent Percent Percent Percent Percent Percent Pacent8079_______-c
8080_________ 0- 6 7L48 2.99 12. 20 0.97 1.60 2.47 1.62 0.69AI_____________ 6-20 70.98 3.43 13.41 1.05 1.44 2.38 L63 .608081_________ BI.__________ 20- 30 69.92 4.24 14. 00 1.34 L33 2.42 1.38 60 
8083______ Ba_____________ 
8082_______ BI____________ 

~ 

30- 43 69.34 4.43 14.32 1.60 1.57 2.62 L09 .61 
43- 57 70.46 4.13 14.01 1.52 1.75 2.51 1.54 .69 

~_ 

8084________ ll•.__________c 57- 78 70.69 3"94 13.50 1.41 2.41 2.45 1.47 .61 
8OS5___~ .. ---- C~_. 78-108 70.96 3.92 12. SO 1.59 1.88 3.07 1.49 

Sample Jno. Horizon 
, 

Depth MnO P,OllIgnitiOn BO. Total CO,, N PHIB~'tsI1~eloss 

Pam 
r 

AI________ Inches Percent Percent li~cint Percent Percent Percent Percent mm'lon8079______ 0.13 .0-.6 0.05 G.05 0.19 100.34 0.00 0.22 6.38080 ______ A,_______ <298 
6- 20 .00 .14 5.28 .19 100.48 .00 .15 6.1 <2988081. _____ Bl.________ 20- 30 .00 .13 4. 72 .15 100.28 ,.00 .08 6.7 88082______ B,________ <29 

8083 ______ 13._________ 30- 43 .05 .14 4.36 .16 100.19 .H .07 6.8 <298 
S084-_____ B.________ 43- 57 .06 .22 a.611 .14 100.58 .13 .03 7.2 920 
8085______ C _________ 57- 78 .06 .15 3.79 .15 100.63 .46 .03 8.3 900 

i8-108 .06 .25 3.47 .10 100.17 .25 .01 8.3 680 

I Determinations (except pH and soluble se1ts) by 1. G. Bmlth• 
• CO. of tbe carbonates. 
• Determined by brldge'met,bod. 

In the colloid analyses of table 11 may be noted the high organic 
content of the _.0\.. horizons, which is assoclated '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 
calcium 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 surpming, result of the increased ;J?ermeability 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
cated by base content shown in table 11, as compared with tables 3 
and 7. 

TABLE H.-Chemical analyses of Hasting8 Bilt loam colloids 

ColloId 
Sample ,no. HorIzon Deptb extract- 8iO. Fe.O, AbO, MgO CaO KtO 

ed 
---'---1-------1--- ---------------------

Inchu Percent Perce1,t Percent Percent Percent Percent Percent S079____________ AI_________________ 0- 6 6ll 48.81 7.50 20.28 2.37 1.09 L 77 
808L ____________ D, _________________ 
8080_ ____________ A.__; ______________ 

6-20 66 49.90 i.60 21. 42 2.33 1.02 2. 24 
8082_____________ B,________________ ~30 84 51.75 7.82 22. 40 2. all. 04 2. 26 
S083_ ____________ B.________________ 30- 43 78 63.41 7.33 22. 19 2. 87 1.21 2. 04 

43- 57 63 54.52 8. 21 19.99 3.18 2.00 2.228084_ ____________ D.________________ _ 57- 78 05 65.10 8.18 19.51 3.15 2.58 2. 30 
7S-108 66 54.79 8. 31 19.92 3.19 2. 07 :z: 15

8085_ ____ ________ C ________________ _ 

II I Or-
Sample no. Horizoo Deptb Na.O TIO. MnO P,O. 80. tron- Total ~~(: CO,, 'N 

loss ter' 
--- \-----1------------------1-----

Inche, ;;~i ~:.:-t ;;~ ;;~ I;;~i ;;~ Percent ~~i ;;~i ;;~S079__________ A,____________ _ 

8080__________ A,_____________ 
 0- 6 0.24 0.71 0.09 0.26 0.26 17.25 100.63 7.19 0.58 0.45 
8081 ________._B,_____________ 6- 20 .21 .61 .07 .17 .31 14.69 100.47 5.91 .12 .36 

~ 30 .19 .62 .07 .11 .20 11.65 100.62 2.35 .05 .188082_________ li,,, , __________ _ 
30- 431_,17 .66 .06 .12 .16 10',21 100.43 1.48 .08 .128083________ B,_____________~~8084__________ D._____________ 43- 57 .31 1.04 .07 .25 .17 8.95 100.84 1.02 .34 .05 
57- 78 .26 .75 .07 .23 .19 8.68 100.92 .86 .25 .068085__________C_____________ 78-108 .23 .67 .06 .21 .17 8. 76 100.68 1.08 .28 .fIT 

I Determined by combustion method (CO.XO.471). 

I CO, of the carbonat&!. 


12077°-33--3 
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The essential characteristics of the colloids of the profile are indi­

.cated by the derived data shown in table 12!, 


TAELE 12.-Derived data: Hastings silt loam colloid 
;-." 

-
Molecular ratio Com­

blnedWater water 
810, 810, 810, Fe,O, SiO,1 dratlon orthe

8ampleno. Horizon Depth 	 oChy­
soilFe,O,.AhO, Fe,O, AhO, AhO, Total bases acid' 

Inch..8C79______• __ AI___________ 	 Perc~nt Percent 
8080 _________ A,_._________ 	 G- O 3.30 17.22 4.08 0.237 ~.23 9.48 11.98 


6-20 3.23 17.63 4.17 .224 8.1D 8.67 11.20
808L_____• B,________ 
20-30 3.05 17.52 3.92 .223 7.88 9.15 11.40 


8083_________ B,___________ 3(}- 43 3.37 19.30 4.08 .212 7.58 8.65 .10.92 

8G84_________ B.___________ 43- .57 3.66 17.M 4.62 .263 6.70 7.59 10.23 

8085 _________ 57- 78 3.78 17.85 4.79 .268· 6.35 7.57 10.5.~ 


8082_________ B,.__________ 

C___________ 78-108 3.68 17.45 4.66 .267 6.39 7.40 10.06 

1 Carbonates deducted. 

'Water of hydration plus water equivaleut oC the bases, corrected Cor organic matter and carbonate 


content. 

The silica-sesquioxide, silica-alumina, and silica-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 same 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 (table 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-81umina ratios. On 

the whole, however, the composition of the colloid is essentiallv 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 
 'y 

more extensive leaching of the bases from the upper horizons. The 

attention of the reader is a~ain 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 Fillmore and Crete soils, and cor­

responds to the assumed existence of a ·definite soil acid. The water 

of hydration decreases as the :ratio of silica to total base decreases; 

i.e., 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 organic matter and calcium carbonate content, the 

quantities listed in the last column of table 12 are shown. While 

these quantities are not so constant us tltose for the Fillmore and 

Crete soils, they are very important as exceeding by n small margin 

the'mnximum content to be expected for montmorillonitic acid (7), 

thoug'h short of the quantities required for pyropbyllic acid (8). 

(See General Discussion, p, .37.) 


THE HOLDREGE PROFILE 

The Holdre~e silt loam profile reported in tables 13, 14, and 15 

was collected m Pbelps County, Nebr., still farther west, in a drier 

area and at a gr:eater elevation than those previously discussed. 
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ASTUD"l((O? C~;YPAN SOILS 
'>Z\ :, ~ 

";;' ,TABLE l3.-Mechanical analyses oj H;;ldrege aiU loa,t;,' I 
" 

~ ~L~~ ~ i'a ''i~' ! ~oS.!.. " 

~~ ~e ~ ~,,'e a 8~ 8 	 ° a~ 
SS1!lpje no. ~'C'!lzon 	 ~a llla 8<'! a ~~ .e ee ~e ,,~ 

!;l,8 !Il"< oS'i' iil::; I'se a '1:1 8 - '" 
~Q octO 	 - ~--: p:':S~,QS 8 ~e ~ ~s ~ ~ 	 Q e 

~ 0 ~ ~ > woo 0 
------I-~'-----I--- --'--------"----I----~. 

Inchu Pd. 	 Pd. Pd. Pd. Pd. Pd. Pet. Pet. Pd.
9215 _______ ._______ AI________________ 0- 4 0.0 	 0.1 0.1 0.215.0. 59.5 ',0..7 18.~ 3.5 

.1 .1 .1 • .1 12.U 59.4 2>l,.2 20.:'" 3.4~i~:=:::=::~~::: 1:::::::::::::::: i-l~ .0. • t .0 .1 10..2 57.2 29.~· 26.1
·9218______________ BI________________ IIHlO 	 2.4 

.1 .1 .1 .1 10.8 50.1 37.4 31.5. .89219_____________ H._________________ 30-49 .1 .1 .1, .1 13.9 57.7 27.7 22.1, 1.0922il ______ ______ B,_________________ 49-72~ 

.0. 	 .1 .1 .1 13.8 62. 0. 23.5 16.7'( I. ()1I'22,L____________ C________________ • 72-961 .1 .1 .1 1.2 12.8 64.3 22.1 17.0 1.0 

lAnalygesbyH.W. Lakin and T. M. Shaw. 
I Organic matter not present In excess or 0.4 percent. 

This soil is different from those previously discussed in that it can 
scarcely be said to have either a distinct hardpan or a zone of car­
bonate accumulation, though developed from the same parent 
material. 

The mechanical analyses (table 13) indicate a very marked uni­
formity of texture throughout the profile, the maximum Oltrerence 
in clay content being between the Al horizon and the B1, and this 
difference but 11 percent of the whole soil. The decrease in weather­
ing is most sharply indicated by the higher values of the very fine 
sand content as compared with'the soils previously discussed. This 
relative coarseness is most marked in the Al 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.-Chcmical analyses oj Holdrege silt loam Boil I 

Sample no. Horizon Depth I SiO, Fe,O, Al,O, MgO CaO X,O Nn,O TiO, 

inches Percent Percent Percent Percem Percent Percent Percent PercentAI_____________9215.________ 0-4 72.46 1.02 11.58 0.95 1.52 2.46 1.88 0.52
9216 _________ 	 A._______ •_____ 4-7 72.82 2.72 10.88 L03 1.54 2.47 1.70 .55 
9218_________ H, _____________ 
9217_________ 	 A,_____________ 

7-18 72.40 3.28 11.76 1.06 1.50 1.02 1.89 .58 
18-30 68.34 3.84 15.38 1.51 1.60 2.34 1 • .'iO9219 ________ 	 B,_____________ .62 

\l220________• 	 Ba _________ •__ 30-10 70.76 3.28 13.34 1. 57 L.64 2.57 2.68 .52 
C..__.._______ 49-72 71.84 3.52 12.90 1.47 2. 22 2.27 1.43 .559221_________ 72-96 70.00 3.68 13.02 1. 73 2.40 2.40. 2.40 .62 

. 
Sample fgnition 	 SolubleHorlzon Depth MnO P,O, SO, Total CO,, N pHno. 1083 	 salts • 

Parts 
per

Inches Percent Percent Percent Percent Percent Perctnt Percent mil//on.11215______ AI_________ 0-4 0..04 0.18 6.43 0..19 100. ]3 0..00 0.22 0.8 560A,________ 
A,_________ 

9216_______ 4-7 .06 .IR 0.13 .IS 100.32 .00 .18 7.2 700
9211.._____ 7-18 .06 .16 5.62 .23 100.40 .00 .15 0.9 446BJ _______9218.______ 18-30 .05 .17 4. 75 .16 100.26 .00 7.1 5609219 ______ B,________ 	 .OS 
9220_______ 30-19 .05 .10 3.55 .15 100.30 .00 .04 7.8 420Ea_._______ 

8221.._____ 
 C _________ 49-72 .04 .19 3.75 .10 100.34 .22 .03 8.5 1,300 

72-96 .03 .13 3.61 .15 100.17 .33 .03 8.5 1,200 

J Determinations (except pH and soluble salts) by 1. O. Smith. 
100. or the carbonates . 
•Determined by bridge method. 
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The data in. table 14 indicate that, while the permeability of the 
i, , soil has allowed the practically <5omplete removal of calcium carbonate 

from the profile to a depth of 50 inches and has not resulted in ak marked accumulation of carbonate, at least to a depth olf 96 inches, 
;:.c the 'eolloid is not eltcessively leached. The zone of accumulation of 
~$ soluble salts, as shm~ by ~he bridge reading,. is, h<?wever, immediately 

beneath the layer ¥.hich, ill an area of greater ramfall,.worild constI­
tute the claypan. In this soil, as in all the others, the presence of 
undecomposed feldspars is sharply evid~nt. 

TABLE .15.-Chemical analY8es (If Holdrege 8ilt loam colloid 

j, Oollold 
Sample no. Borizon Depth extract- SIO, Fe,O. A),O, MgO CaO K.O 

ed 
-----,1-------1------------------------

Inches Perctnt Percent Percent Percent Percent Percent Peru1lt 
9215_____________ A,,_______________ 0- 4 59 49.91 7.25 19.38 2. 57 1.29 2. 699216______________ A2_________________ 4- 7 60 49.55 7. 15 19. 11 2. 33 1.48 2.56 

60 150.20 7.61 190 93 2.58 1.45 2. 27
9217_____________ A,_________________ 7-1S 
9218_____________ BI_________________, 18-30 75 52. 75 7.60 21.45 2.94 1. 49 2.399219_____________ B,_________________ 30-49 72 M.I0 7.86 19.30 3.19 2,09 2.159220___ __________ R,________________ 4!f-72 78 54.42 8,20 19.66 3.11 2,54 2. 28 

I, 9221.___________ C_________________ 72-96 64 Mo35 8,54 19.45 3.08 2.44 2.37 

SamJlle no. Borizon Depth Na,O TiO, MnO P,O. SO. 
Tgni­
tion Total 

Or­
~!~ cn,' N 

loss ter I 

--------------------------------­

:'1. 

9215________________ 
9216________________
9217________________ 
9218________________ 
92111.______________ 
11220________________ 
9221._______________ 

AI_______ 
A._______ 
A,_______ 
BI_______ 
13,_______ 
D,_______ 
C _______ 

Inch .. 
0-4 
4- 7 
i-18 

18-30 
30-49 
4!f-72 
72-96 

Pel. Pd. 
0.18 ' 0.70 
.2.'; .54 
.24 .M 
.21 .69 
.150 .73 
.34 • is 
.37 • i3 

Pel. 
0.21 
.14 
.16 
.12 
.11 
.10 
.13 

Pet. 
0.28 
• 1ft 
.29 
.20 
.26 
.24 
.28 

Pct. 
0.29 
.33 
.27 
.21 
.:14 
.24 
.21 

Pd. 
15.18 
16.57 
14.55 
10.60 
9.6i 
8.81 
8.93 

Pd. 
99.9a 

100.17 
100.19 
100.71 
100.30 
100.09 
100.88 

Pd. 
7.49 
9.11 
6.33 
2.37 
1.62 
.77 

1. 21 

Pct. 
0,21 
.10 
.00 
.18 
.23 
.18 
.14 

Pd. 
0.51 
.55 
.41 
_16 
.17 
.12 
.13 

, 
I Determined by combustion method (00, X 0.471). 
' CO, of the carbonates. 

The data presented in table 15 indicate that considerably more 
organic matter e:\;sts in colloidal form than is the case with either the 
Hastings or Crete soils. Whether this be a result of the lessened 
activities of bacteria in a 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 clearly revealed by the derived data assembled in table 16. 

TABLE l€\,.-Derived dala: Holdr'Cge silt loam COl101:d 

Molecular ratio Oom-

Sample no. Borizon 
\----.-----;----;----;---\ Water 

Depth 810, SIO. SIO, Fe,O, SiO,1 orhy­
blned I 
water 

Fe,O,.AI:O, ],'e,O, Al,O, AI,O, Total
bases 

dratlon olthe
soil oeld 

------1-----1---1----1-­ ---------­

:" " 

9210_____________ 
9216_____________ 
9217_____________ 
9218____________ 
9219______________ 
9220_____________ 
9221._____________ 

AI___________ 
A,___________ 
A3.__________ 
DI ___________ 
B,___________ 
B,___________ 
C___________ 

Inch .. 
0-4 
4- 7 
7-18 

18-30 
30-49 
4!f-i2 
72-90 

3.52 
3.55 
3.43 
3.3i1 
3.77 
3.70 
3.70 

18.21 
18.41 
17.45 
18.35 
18.25 
17.55 
16.85 

4. 36 
4.39 
4.27 
4.16 
4.76 
4.68 
4.71 

0.239 
.239 
.240 
.m 
.261 
.267 
.281 

7.37 
7.26 
7.06 
7.04 
6.31 
6.10 
6.10 

Percent 
7.48 
7.36 
8.22 
8.11 
7.B2 
7.86 
7.58 

Perunt 
10.16 
10.38 
lLIK 
10. 65 
10.58 
10.66 
10.40 

, 
f, 

~ 

1 Carbonates deducted. 
l Water of hydration plus water equivolent of the boses. corrected ror organic matter'and carbonale 

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 corresponding values for the 
.silica-iron oxide ratios are 17.87 and 17.80, respectively, and for the 
silica-alumina ratios 4.76 and 4.33, respectively. These all indicate 
less leaching of the Holdrege profile. This indication is also fur­
nished by smaller numerical values of the silica-total base ratios of 
the up.per layers of the profile. The silica-iron oxide ratios and the 
iron oXIde-alumina ratios of the three A horizons compared with those 
for the Bl horizoll show but the faintest trace of fractionation of the 
colloid. The translocation of colloid from the surface downward is of 
the colloid as a whole. ffhe combined water of the soil acid indicates 
essentially constant composition of the colloid. 

THE KEITH PROFILE 

The analyses of the Keith profile are given in tables 17, 18, and 19. 
These samples were collected in Dundy County, Nebr., where the 
annual rainfall ia approximately 18 inches. The chestnut-brown 
soil which develops is essentially free from claypan but has a normal 
development of a zone of carbonate accumulation, whereas the Fill~ 
more 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 1 

.... 	 I .. 1 1 'g~ CI~ I~ ~ '"1 .,e s:I~ 	 !as "'El '"1~ 
"'El '"El .... El '" 8 .. ­

-.;~ "'El I~ "'0 
SamplEino. Horizon' 1>8 co., S~ !I ~n~ ~~ es ~j 8=-We:) ::So 	 1il .... c'" 

'"0 '0
'~El "I 	 -I 1 8 ... El oS ...

1 co "'_ "O~ 	 a.ot:~ ~ co .E 0- CDd 	 :a
A f'oj o ~~ ~ >8 ;3 0 '" 0 (5 

9222_______________ AI_______________ If/che. Pet. Pd. Pet. Pet. Pet. Pd. Pd. Pet·, Pet. 
9223_______________ A._______________ 0 - ~ 0.1 0.1 0.1 0.4 31.2 47.4 IS. 4 16.2 1.8 
£224______________ BI______________ ~3~2 .1 .2 .1 .4 26.6 47.S 22.S 20.0 1.2 

3~14 .1 .1 .0 .3 24.9 46.4 26.4 22.2 1.S9225______________ D._______________
9226______________ 14 -21 .1 .1 .1 .3 23.3 48.2 26.S 23.7 .50________________ 
9227______________ 6________________ 21 -33 .0 .1 .1 .2 25.4 44.5 28.9 24.4 _1 
9228_____________ 7________________ 33 -40 .0 .0 .0 .2 26.7 47.6 24.S IS. 1 1.\1 
9220_______________ 8________________ 40 -48 .0 .0 .0 .2 29.3 48.6 21.2 15.1 . -.0 
9230 ______________ 9____________.____ 48 -72 .0 .0 .1 .2 30.5 50.4 18.3 13.2 1.0 

72 -96 .1) .0 .1 .2 31.6 49.8 17.6 13.2 1.0 

1 Determinations by H. W. Lakin and T. M. Shaw . 
• C horizons not distinguishable in the lleld . 
• Organic matter not present in excess of 0.4 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 AI, A2, Bh and B2 for the upper part, and the lower 
saronles are simply numbered. Table 17, when compared with table 
13, reveals definite differences between the Keith and Holdrege soils. 
The Keith has a much higher very fine sand fraction and definite 
quantities of fine sand. The silt and clay together make up only 
about two thirds of the surface layer, and the colloid content is low . 
. Surface removal of colloid is indicated, and wind erosion is a possibJe 
cause. Certainly only a relatively small concentration of colloid in 
the lower strata is to be noted. 
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TA~r'E 18.~Ohemical analyse8 of .Keith silt loam soil' 

!ilmpJeno. Horizon' Depth SiO. FeaO. AbO. MgO CaO X,O Na.O TlO. 
e 

IneAt3 Perce1l1 Ptrct1lt PerCt1lt percent Perctnt Percent Percent ,PercentD222_________ AI__ •_______
9223________ o - ~ 72.82 3.04 10.86 1.06 1.86 2.48 2.35 0.60A.___________ *3~ 71.00 3.44 11.66 L17 1.88 2.34 2.23 	 .6011224____ •__._ B,••_________ 

3*14 71.10 3.60 12.02 1.26 1.88 2.32 2.10 .6411225.____._._ B..__•____•__ 14 -21 71.46 3,92 11.88 L44 2.08 2.28 2.15 .64 
fYOT_________ 
U226_________ 6,.•_________• 21 -33 68.22 3.60 12.00 1.65 3. iii 2.82 I 1.92 .58,.6._____.,__•__ 33 -40 64.80 68 lL84 1.66 6.14 2.45 L42 •r,o0228.________ 

"/1-_---------- 40 -48 65.82 3.36 11.84 1.63 5.« 2.48 1:99 .58 
0230._______• 
0229________ 	 3. 1

48 -72 69.66 3.36 11.88 1.67 4.30 1.98 1.06 .57:,~~:=:::::::== 72 -96 69.36 3.36 ~J.42 1.63 '.i6 2.51 1.38 • liS 
1 

Sample I!gnltion 	 SolnbleHorizon 2 Depth 1\InO P,O, SO, Total CO,, N pH.no. 	 loss salts • 

-
Pam 

Inches Percmt Percent Percent Percent Perrent Percent Percent mfUlO1l
0222_. ___ • At.___ ••_ 0 - ~ 0.02 0.10 4.6:>' 0.16 99.98 0.05 0.14 7.4 680
9223, • ___• AI._.____ . *3~ .03 .11 5.55 .14 100.]5 .03 .17 7.4 50011224______ 13t_______ 3)1-14 .03 .09 4.70 .18 99.02 .03 .12 1.6 400
0225. _____ B,___•• _. 14 -21 .04 .09 3.00 .20 100.08 .10 .09 8.2 1,1600226____••_ 5_____.__ 21 -33 .03 .08 4.04 .24 100.02 1.48 .09 8.5 1,4009227______ 6________! ' 	 3:{ -40 .05 .19 6.98 .15 99.06 3.83 .05 8.4 1,4800228____ •• 7_.______1 40 -48 .05 .18 .30 100.00 3.04 .04 8.5 1,460
11229_____• 8________ 48 	 6.331-72 .07 .15 5.34 .23 100.27 2.42 .03 8.6 1,4600230______ 9________ i2 -06 .05 .16 5.08 .16 100.15 2.24 .03 8.6 1,400I 

I DetElrmlnations (except pH and soluble salts) by I. G. Smith. 
• 0 horizons not distinguishable In the field. 
• 00, of the carbonates. 
• Determined by bridge method. 

TABLE 19.-·0hemical analyses of Keith silt loam colloid 

('01-
Sample no. Horilon 1 Depth lold ex· 810, Fe,O. .\),0. MgO CaO K,O 

tracted 

--.....,..--1------1------------------- ­
... lnche)l Percent Pacent Percent Percent Percent Perctnl Ptrcenl 

9222__ _________ " A, .._. ___••._._ •. 0 - H 46 51.92 6.92 19.13 3.00 2. 12 2.42
9223._ • 7 ________ •• A,••___•_________ 

!~~ 3!;i 46 51.4.'i 6.92 18.61 2.64 2. 21 2.410224_____ •___•___ R, •. _ • _____•____ 3!-z.14 m 51.80 7.13 19.67 3.07 2.70 2.33.•• ___________1i225.•__ ••______• R~ , 	 14 -21 76 53.00 7.22 20.49 3.37 1.93 2.34 
;. 0226. _________••• 

.~ .....--..------- 21 -3:1 87 47.80 6.19 17.88 3.51 7.50 2.160227__ • _______••_ 6••• _•••___ ._••__ :13 -40 89 43.60 0.39 16.62 • 3.31 11.112 1.82
0228___ •__•••_._ 7 _,..,.. ___ ..________.. 40 -48 68 46.00 5.77 9.72 1. IIIt 48 -72 92 49.50 6.46 19.09 3.48 6.54 2.129229___ • ____ •___ • 8 •• ______._.___•• 	 17,[>8 I 3.39 

9230. ___________• 9____••_______• __ 72 -06 00 52.01 6.98 ,19.75 3.52 3.03 2. 21 

Or'
I~I' ganie CO,,Bampleno. Horizon I Depth Na,O TIO. MnO P,O. SO, 	 ton Total mat· N 
Joss ter' 

Pc,· Per· Per· Per- PeT- Per· Per· Per· Per- P'T-
Inches cent cent cent cent cent cent cenl cenl cent cent

9222__ • _____._ .A ,_...._••_•• 0.'14 0.66 o. J9 0.29 0.28 13.43 100. r,o 5.32 0.00 0.370 ~~ 9223_.________ A:._.__•____ 1·1--37!! .20 .71 .22 .36 .25 14.38 100.45 6.32 .099224 _______• __ B,.______ •••• .,' 	 .48 
3).<.-14 .211 01_ .13 .22 .24 13.05 101.34 5.68 .00 .31 

9225••, __ ._•• _ 'H!!.......___ ..... _"" 14 -21 .15 .67 • ()It .11 .16 11.09 100.01 2.98 .2~- .235__ •__ •______0226.__ • ____•• 21 -33 .43 .&1 .09 .27 .17 13.94 100.57 1.67 4.71 .160227_____••__ 6 __________ • 
33 -40 .37 .51 .11 .29 .15 16.70 100.m 1.75 8.34 .140228._______._ i ________ ..___ 40 -48 i39 .52 .12 .23 .13 15.0.1 ]oo.m 1.80 GA6 .OS9229••________ 8__________ ._ 
48 -72 .38 .56 .11 .20 .13 12. 33 100.89 1.21 3.56 .130 _______ ._._9230._._._____ 72 -00 .34 .66 .09 .21 .1-1 10.71 100.85 .89 1.32 .10 

I 0 horizons not distinguishable In the field. 
• Determined by combustion method (CO,XO.471). 
• 00, of the carbonates, 
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The data given in table 17 Elhow in the layer, 3}~ to 14 inches, 

incipient claypan structure, and there is a corr('E,ponding increade of 


'c the water-soluble salts in the next lower stratum: (table 18). In the. 
fifth and shth layers is found the zone of carbonate accumulation. 
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 unweat4ered state is also 
indicated bv the mechanical analyses and by the high potassium and 
sodium con~tent. Abundant feldspar content is evident. 

The organic-matter content of the colloid (table 19) is less in the 

Keith soil than in its neighbor, the Holdrege, but to what extent this 

is due to bet~r oxidation or less abundan~ vegetation is not evident. 

Low organic content is characteristic 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 colloid is as a whole to whatever extent it has occurred. 

The derived data 'on this profile are given in table 20. 


TABLE 20.-Derived data: Keith silt loam colloid 

Molecular mUo Com· 
"rater bined 

or waterSample no. Horizon I Depth 	 I SiO,' hydra' or the810, SIO, I 810, Fe,O, 
Total Lion soil.Fe;Q, AhO, AhO, bases acid' 

-----1·-,-----1----·---------- --
InchM 	 Ptrcmt Pucent 

11222•••______._ AI________ 0 - M 3.74 19.91 4.61 0.229 6. 14 8. 07 11.22 
3.78 19.70 4.68 .23!J 6.41 7.97 11.08~~: ::::::::::::1 ~:::::::::: 3tt:1~~ 19.21 .232 7.373.62 4.46 5.59 10.74 

1J22.~______________ Il,_ __ _____ 11' '-21 3.58 19.« 4.:18 .225 6. 06 7.89 10.74
9226... ___________ 5.. _________ 2) -33 3.71 20.« 4.53 .22'2 5.51 7.55 11.57IIm..___________ 6.._______ • aa -10 3.60 21.52 4~45 .207 5. 53 6. 61 11. 419228 ____________ . i ... ______ . 40 -18 3.67 21.13 4.43 .210 5. 55 6. 73 11. 05922!l______.._____ 8..________ 48 -i2 3.61 20.32 4.40 .216 5.45 7.56 11.43
9230. ____________ 0..._____ •• i2 -00 3.72 	 21. 0'2 4.52 .215 5. 77 8. 50 11. 51 

I 
I C horizons not well defined. 

, Oarbonat.es deduct.~d. 

, Water of hydral ion plus waler eqllivalent of the bases, corrected ror organic matter and carbonate 


contcnt. 

The somewhat high silica-sesquioxide and silica-alumina ratios of 

the first two by-ers give ground for suspicion of the presence of silica. 

or feldspn.thic: sllicates of colloidal size, but even if present the remain­

ing data indicate tbl1t the quantity is small. The silica-iron oxide 

and ferric oA-ide-alurnina ratios of the first and second layers, com­

pared with the corresponding yulues for the third and fourth, indicate 

but a faint trace of frnctionation. The silica-totul base rntios average 

5.78 for the entire profile and are the lowest f01" any of the soils exam­

ined. These values, as well as the pH values for the whole soil, indi­

cate the,t leacbing has not been extensive. The combined water of 

the soil acids, when corrected for organic matter and carbonates 

present, is so nearly a 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 slUnplcs, the Phillips profile 
has It well-deyeloped daypan, and yet the mean unnunl rainfall is less 
ane the temperature lower thn,u in the Keith area where tho claypan 

http:Oarbonat.es
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is absent. There is 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 are silt loams. In this 
area the high winds produce sufficient erosion on the sparsely grassed 
areas to remove the surface soils and produce so-called "slick spots." 
The analytical data on this profile are given in _tables 21, 22, and 23. 

TABLE 21.-j'lfechanical a.nalyses of Phillips sandy loam I 

Bnmpleno. Horizon 

-----1-------1------------- ---. ------
Per· PiT' Per· Per· Per- Per· Per· Per· Per· 

Inche.• cent cent cent cent cent cent cent cent cent 
8749.............. A,............... o - IH 1.4 3.5 4.1 10.2 17.8 38.9 18.5 12.9 4.9 

8750.............. ,\,."............. 1*4 1.3 3.2 4.2 10.9 19.5 39.4 19.5 13.2 1.5 

8751. ............. B,............... 4 -9 1.4 2.9 4.0 11.1 18.2 34.8 26.3 19.7 .7 

8752.............. B,............... \I -111 .4 1.5 2.1 5.4 12.3 40.7 3n.5 31.0 .5 

8753............... il,.............. 19 -36 .6 1.2 2.3 8. I 19.1 33.2 35.0 27.2 '.0 

81:54.............., n ................ 36 ·54 1.0 2.6 3.9 13.9 20.4 27.4 30.2 24.1 '.0 

8'54·A............ C............... 54 ·64 1.3 3.7 5.8 13.4 15.4 31.0 28.9 21. 0 '.0 


I Determinations by H. W. Lakin andT. M. Shaw. 
I Organic mntter noL present in excess of 0.4 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 colloid appears (B2) is the point at which the 
soil becomes alkaline (table 22). Immediately beneath this layer 
the content of soluble salts, as determined by the bridge reading, 
becomes considerable, and the pH values rise sharply, becoming the 
highest of any of the profiles examined. If the original soil material 
8.t the surface had the same composition aside from the colloid, the 
cause of the deposition of the hardpan would appear to be the floccu­
lation and consequent deposition of colloid, which ultimately by 
filtration of finer colloid, as the surface became leached, resulted in a 
practically impervious layer. That this original material contained 
sulphates is not indicated by the analyses, but an examination of the 
water-soluble material from the B3 horizon shows the presence of 39 
parts. per million of s?lphur trioxide and 339 part~ ;per million of 
chlorme. The C horIzon shows 159 parts per million of soluble 
sulphur trioxide and but 85 parts per million of chlorine. It would 
appear, therefore, that small as is this alkali-salt content, to it is to 
be ascribed the claypan deposition. The part played by alkali in 
the "freeziRg up" of soils under irrigation has been described by 
McGeorge, Breazeale, and Burgess (17). It does not follow that their 
conclusions concerning the role of aluminum hydroxide in the process 
are valid. The soil analyses indicate by their high po-.tassium and 
sodium content the fresence of much undecomposed feldspars. The 
high silica content 0 the profile indicates the presence of free quartz. 
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TABLE 22':;:7""Chemical analyses oj Phillips sandy loam soil . 
.Saniple no. \ H()rlzon.\ Depth SiO, Fe,O, AhO, MgO CaO K,O Na.O 'FlO, 

I1I.chu Percent Percent Percent Percent Percent Perceni Percent Percent8749 I __~___--' AI___________ o -1M 73.60 2.80 9.44 0.68 1.18 1.80 1.80 0.458760 I___ __._ A.___________ 
c BI 1)1-4 75.M 2.80 10.24 .72 1.12 1.94 2.48 .488751 1_______ ___________ 

4 - 9 74.64 3.34 11.M .91 1.06 2.06 1.84 .50B.___________8752 1________ 7(1.129 -19 4.41 12. 86 2.23 1.15 2.14 1.87 .M8753 1________ B3___________ 
19 -36 64.60 3.84 11.70 1.48 5.98 1.84 1.81 .46 

C ___________ 
87M 1________ 13,___________ 

36 -M 65.34 4.32 11.50 2.20 6.14 1.83 2.00 .45 
87MA ' ..____ M -64 69.49 3.31 10.38 2.03 4.27 1.77 1.30 .50I 

SolubleSample no. Horizon Depth MnO P,O, IgnltiOni SO Total 00. 3 N pHloss 3 salts' 

-
Parts 

per mit-
Inches Percent Percent Percent Percent Percent Percent Percent lion8749 t______ AI______ o - 1M 0.05 0.16 8. In 0.16 100.27 G.OO 0.25 6.1 340 
1!1-4 .05 .15 4.50 .17 HlO. 17 .00 .15 6.2 <298

8750 t ______ A.______ 
8751 1______ ______B I 4 -9 .03 .11 3.85 .20 100.08 .00 .10 6.5 <2988752 1______ B.______ 9 -19 .06 .13 4. 02 .18 100.31 .00 <2988753 1______ 133______ .09\7.419 -36 .04 .17 8.04 .16 100.18 4.00 .04 9.4 1,46087M 1______ B.______ 36 -M .04 .16 0.10 .14 100.22 2.73 .03 9.1 1.5208754A·_____ C ______ 

M -64 .03 .13 6.40 .13 99.84 3.60 .03 10.0 1.980 

t Determinations (except pH and soluble salts) by I. G. Smith. 

I Determinations (ex-..ept pH and soluble salts) by G. Edgington. 

I CO, of the carbonat.,>s . 

• Determined by bridge method. 

TABLE 23.-Chemical analyses oj Phillips sandy loam colloid 

~I~JSumpleno. Horizon Depth \IOid ex- SIO, Fe,O, \ Ai.O, MgO C.O 1"'0 INOO 
tmcted 

Inches Percent PtTcent Percent Percent Percent Percent Percent PercentAI________8740___________ 0 -1M 51 49.45 8.02 18.82 2.09 1.09 2. 45 0.298750_____". ____ A.________ 1)1-4 60 50.05 8.24 19.22 2.20 .94 2.69 .178751.__________ BI________ 
4 -9 63 51.31 8.88 21.03 1.93 .84 2.15 .64B.________8752___________ 9 -19 84 51.95 9.18 20.91 3.16 .82 2.30 .2313,________ 

87M___________ 13,..______ 
8753___________ 19 -36 95 51.10 9.20 20.97 3.21 2.30 1.57 .73 

C ________ 8.32\36 -M 74 52.45 20.21 3.38 2.90 1.74 .15
87M-A_________ 54 -64 75 51.42 8.91 20.80 3.24 2.59 1.83 .48I 

lSample Ignltion Total OrganicHorizon Depth PIOI S03 CO,· N no. Tio.1 MuO loss matter I 

------- ---'---
Inches Percent Percent Percent Percent Percent Percent Percent Percent Percent8749______ AI_____ 
o - 1M 0.80 0.15 0.51 0.40 16.69 100.76 10.30 0.12 0.808750_____ A.______ 1)1-4 .80 .14 .43 .31 14.83 100.11 7.46 .06 .598751. ____ 131 ______ 4 - 9 .82 .09 .26 .22 11.96 100.13 4.10 .12 .3.~8752_____ 13.______ 9 -19 .63 .06 .17 .21 10.83 100.45 2.59 .04 .21B,______8753_____ 19 -36 .07 .15 .10 10.76 100.98 2.65 .86 .2087M_____ 13,______ 

C. _____ 36 -M .73\.73 .06 .19 .14 10.15 100.48 1.37 1.48 .11 
87M·A___ M -64 .69 .05 .03 .18 10.29 100.56 1.56 1.49 .11 

t Determined by the combustion method (OOIXO.471).

I pO, oi the carbonates. 


The analyses of the colloid (table 23) indicates the association of 
the sulphur and phosphorus content with the organic matter, ana the 
persistence of organic matter throughout the profile is an indication 
of the slow development of the claypan. The high content of car­
bonates shown by the soil analyses in horizons Ba, B4, and C, when 
contrasted with the low relative carbonate content of the extracted 
colloid, indicates coarse carbonates, as compared with the Nebraska 
silt loam soils. The organic and carbonate content being considered, 
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'. :"the gross analyses themselves indicate a very uniform.type of colloid' . 
,andthst its concentration in the B horizon has been without serious 
J~aetionatio.n, so far as, the inorganic part, at least, is concerned. 

: "':these relations are more clearly presented by the derived data given 
, in table 24. 

TABLFi24.-Derived data: Phillips sandy loam colloid 

Molecular ratio Com­
blned

I 
Water waterSample no. Horizon Depth oChy­ oCthe810, 5iO. 8iO, Fe.O, 8i02' draUon soil

Fe,O,.AbO, Fe,O, AbO) AbO, Total bases acid' 

Inchea Percent Percent8749_________ A, .. ~~ -~ o - 1),2 3.59 16.34 4.58 0.282 8.12 6.27 9.058750_________ A, 1*4 3.46 16.08 4.41 .274 7.46 7.31 10.098751- ________
" BI__ =~~== 4 -9 3.26 15.32 4.14 _275 &.34 7.74 9.918752_________ B2_______ 9 -19 3.28 14.90 4.21 .281 7.16 8.20 10.608753__ . __ ~__ B3_______ 19 -36 3.24 14. 71 ·1.13 .281 654 7.25 10.00 

36 -54 3.79 16.70 4.40 .2M 7~02 7.30 10.00
8754 _________ B._______ 
8754-A_______ C _______ 54 -64 3.29 15.P- I 4.19 .274 7.12 7.24 10.13 

, Carbonates deducted. 
"Vater DC hydration plus water equivalent oC the hases, corrected Cor organic matter and carbonate 

content. 

Th~ silica-sesquioxide and silica-alumina ratios, when' considered 
in the light of the possible presence of secondary quartz and undecom­

. posed minerals, are fairly uniform and average for the profile 3.41 and 
4.30, respectively. The silica-iron oxidp, ratios, taken alone, might 
be considered as indicating incipient podzolization, 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, a kind 
of gray layer in place of the A2 and Bl layers. If so, the process must 
be very slow. The silica-total base ratio indicates considerable leaching 
of the upper three horizons. The combined water of the soil acid 
has an average value of 9.87 percent, which is essentially the same as 
for the ]/J'illmore profile. 

THE FARGO PROFILE 

The profile of Fargo clay, which is detailed in tables 25, 26, and 27, 
was collected in Willdn County, Minn., across the Red River from 
Wahpeton, N.Dak. It is not a continuous profile. The transitional 
zones between A2 and B and between Band C were omitted by the 
collector. 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 claypan soils, but in the 
slight depressions below the genel'allevel a pronounced dense claypan 
appears. The annual rainfall' of the area is 21.5 inches, and in the 
depressions the water available for weathering and profile developh 
ment is· in excess' of this amount. The soil parent material, being 
a lacustrine deposit, was doubtless much weathered before profile 
de'n~lopli1eilt hegan. Also, as the glacial Lake Agassiz disappeared 
the soil :material was doubtless impregnated with soluble salts. The 

. present.condition is thus, perhaps, analagous to the . result of long­
continu~djrrigation. There is rio certainty that the parent material 
was uniform in chll-racterj but, since deep lake deposits are usually 
uniform in texture; it may be assumed that they were so in this case. 



Sample no. 

If/ches Pet. Pet. Pct. Pct. Pet. Pet. Pet. Pet. Pet.106_______________ A, __________ ____~ 

0-6 0.4 1.6 2.5 9.7 4.7 29.1 42.2 27.9 9.2 
108 ______________ 
107_______________ .A,________________ (HO 1.7 2.'8' .3.9 13.8 6.5 31.2 38.3 19.5 1.4B _________________ 12-.20 .6 1.5 2.1 .7.8 3.6 /.0.7 .72.3 58.8 

32-48 .4 1.1 2.8 1.8 15.2 74.2 58.9, J109_______________ C ________________ l·q 

I 'Determlnatious'QYH. W. Lakin and T. M.'Shaw. 

The pr.ocess .of S.oil f.ormation, if the :pr.ofile was .originally uniform, 
has ,resulted 'in .tremendous .differentiation. The sands and silt are 
'Very much higher 'in the A h.oriz.ons.than in ,the B and C,and there 
is a sharp dillerencebetween Aland A2• This relation ischaracteris­
tic.of :p.odz.oI S.oils. ;The thick and very dense clay:pan sh.ows, h.owever, 
no !tendency t.oward the producti.on of a true hardpan, .or ortstein, 
layer, and the clay and C.oll.oid content ,.of the B layer are essentiallv 
the ,same as 'in the parent material. This condition is n.ot n.ormal for 
podzolsoils. The organic c.ontent of the Al horiz.on is high;that,of 
the A2 is much I.ower. This is a P.odz.oI characteristic. The B horizon 

,"~ also low in .organic matter. This is n.ot true .of the n.ormal humid 
podz.ols. 

TABLE 26.-Chemical analyses of Fargo clay soil 

Sample no. Horizon Depth SiO, Fe,.o3 .'1.1,03 NluO TIO.M~O ~IK'.o 
Inchf8 Perc£1lt PtTcent Percent Percent Percent Percent PtTcent .Percent106_________ A,_________ 

0-6 69.92 2.37 9.,22 1.05 0.97 1.63 0.93 0.80,107___________ A._________ 
'6-10 79.59 2.91 8.04 .:i4 .81 1.93 1.37 .83lOS____________ B _________C________ 12-20 66.70 5.26 14.74 2.38 .72 1.85 .76 .81109___________._ 32-48 57.30 4.55 13.72 3.00 6.83 2.04 .83 .78 

Sample 
1 

Ignition SolubleHorizon Depth IMnO P,O, S03 Total CO.' N pHno. loss salts' 

Pam 
per. Inches Percent Percent Percent Percent Plrcent Percent Percent million106______ A,______ 0-6 0.09 0.15 12.49 0.17 99.79 0.16 (') 6.3 1,060107______ tHO .11 .05 3.28 .00 99.72 :08 (3l 7.5 460IOS_____ -~-----B ______ 

12-20 .10 .07 6.09 .13 ~9. 61 .19 (' 7..9 000
109______ .0. _____ (3)32-48 .13 .12 8.97 1.79 100.06 4.64 8.3 12,060 

--.. 
I CO,o! the carbonates.
.• Determined by bridge ID'lthod. 
aNotdeterminerl. 

" . The chemical examination of the wholesoil (table 26) reveals some 
importaL.tfacts.The silica content, allowance being made for the 
high ignition 1.oss, is tremendously ,higher in the A horizons than in 
,the B horizon; whereas, when account is t,aken of thecarb.onates .and 
sul:phates'in the 0 h.orizon, the silicac.ontents in the B .and C horiz.ons 
'are ·.of .similar magnitude, being 71.2 percent for the 13 horizon and 
71.5 'percent for the C. Theeluviati.on ..of .carbonates fr.om the A .and 
13 horl,zonsis ess~ntially complete. The.hi~h magnesium content .of 
the B ,and 0 h.orlZOnS may betaken to mdlCate .that the carbonates 
'are somewhat .d.ol.omitic. The limitation .of the leaching of the S.oil is 
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definite~y marked. The.exceedingly sudden and enormous increase of 
soluble salts in the e horizonnLll.ybe.taken .to mean that the B hor­
izon is ·essentially impermeable to water and that, therefore; drainage 
must :.beeither from the surface ·ofthesoilor from the surface of the 
:B horizon. The soluble salts were examined and shown to consist 
almost wholly of calcium and magnesiumsulphates,about 10,000 
par.tsper million of the dry soil. The .chloride content does not exceed 
400 parts per million. 

TABLE 27.-ChemicaZ analY8e8 oj Fargo clay colloid 

Colloid 
Sample no. Horizon Depth ex· SIO, FelO, AbO, MgO OaO K.O NtisO 

!racted 

------------I---
Inches Percent Perunt Percent Perctnl. Percent Perum Percent Perunt 

106•••••••••••• A,..••••••• (}-o 7~ 40.25 11.38 11.40 2.61 1.05 1. 97 0.1l3 
107•••••••••••• A.__ •.••••• 6·10 41 01.::0 4.74 16_66 2.13 1.07 2.81 .71
108._••••••_••_ B.~••_.•_. 12-20 75 7.07 21.73 3.82 _76 1.82 .40li4.61l I109•••••._._••. 'C '" _.___ 32-48 61 54.50 8.88 10.1n 3.13 2.85 1.93 .34 

I 

Sample IgnItion OrgllllicHorizon I Depth TIO, lVLnO p,O, SO. Total 

I 

CO.' N.no. loss matter I 

Inde< Percenl PUCl!nt Percent Percent Perun! Percent Percent Percem PerumAI __.••_106_ ••••_ (}-O 0.07 0.05 0.33 0.32 20.61 101.17 14.41 0.07 0.81 
107.••••. A,_._.• (}-lO 1.04 .04 .12 .23 10.32 100.87 6.05 .07 .34 
108_._••_ R••••_. 12-20 .79 .00 .11 .16 0.58 100.96 3.02 .09 18 
109•••••_ 32·48 .81 .05 .12 .14 8.39 100.23 2.03 .85 (')0 __••_. 

I By combustion method (OO,XOAil). 
, 00. of the carbonates. 
I 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 Band C horizons is largely residual. This 
c.onclusion is .in harmony with the arid soil characteristics of the 0 
horizon. The derived data in table 28 reveal several important 
features of the profile. 

TABLE 28.-Derived data: Fargo clay colloid 

Molecular .ratio ICdm-
Water hined 


Sample no. Horizon Depth of hy- water 

SIO, SIO, SiO, Fe.O, SiO, ' dratlon o~~e 

Fe,O,.AbO, Fe,O, AhO, AbO. Total hllSeS acid'. 
11Iches Percem Percem

106•••__._. __ AI_._•••••• (}-O 4.48 11.53 7.35 0.530 4.75 6.13 10. 80 
107•••••••••_ :A,_._•.•__ . (}-10 5.40 34.63 0.42 ;188 9.28 3.30 Ii. 1fTB _____•••_108_••_••_••_ 12-20 3.53 20.47 4.27 .208 7.01 6.52 II.12 v. 
109••••_•••__ C•••••••__ 32-48 3.73 10.73 4.84, .200 6.09 5.16 8. 28 

IOarbonates deducted . 
•W oterof hydration plus water equivalent DC the'basea corrected for organic matter !lnd cnrbonRte content. 

The very high silica-sesquioxide ratio of the AI horizon, the .still 
higher value for the A2, and the correspondingly high silica-alumina 
ratios dearly indicate the presence of colloidal free .silica. The rela­
tivelyhigh iron oxide content ·of the Al horizon, to~ether with the 
high organic matter, when taken into consideration WIth the low iron 

http:BULLETIN;3.99


,oxide in t~eA2 1;t0rizon, lead~ to an interesting conclusion. There­
moval·of Jron oXJ1ie and alumma has not been bytransferen.ce to the 
:B horizon but has been accomplished chiefly by 1,ateralerosion. This 
cOnClusion is supported .by the tron-alumina. ratIo which is very slightly 
greater in the B horizon than in the A2and is still greater ill the C. 
Thisrelationi together with the silica-iron oxide ratio, 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 
tha.t in slight depressions . this soil must, during rainy periods, be 
swampy and therefore subject to ana.erobic fermentation, as shown 
by Robinson (27), with consequent reduction 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 oxidized and deposited with humus material. This assumed proc­
ess accounts for the relatively high iron .content of the Al horizon. 
The holding power of hummed matter for ferric iron has been recently 
emphasized bi'Horner, Burk, and Heover.8 

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 Al horizon. The wide difference between this value for 
the, Al and A2 horizons is indicative of the intermittently swampy 
character of these daypan spots. 

The water of hydration and the total combined water of the soil 
acid are interesting even if not readily explicable. The lowexperi­
mental value and the calculated value for the parent material are 
both lower than is to be expected were the collOId derived from tri­
silicates, as appears to be the case with the Al horizon. There is 
nothing abnormal 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 Al horizon the calculated value of the 
combined water of the soil.acid inCludes the water equivalent of the 
bilses which [lIe associated with the organic matter. This introduces 
a considerable degree of possible error where the organic matter is 
high. 

On the whole, the profile examination indicates that this soil has 
developed ona saline clay nearly impervious to water 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 anaerobic fermentation and consequent 
solution and removal of the iron component of the clay. At the same 
time, leaching of calcium and magnesium has occurred to a marked 
d~ree. Whether there has been any actual removal of colloid as a 
whole by lateral translocation may not be inferred from the data. 
This kind of podzolization would appeal' to be a common process by 
which a light-colored layer (bleicherde) may be produced,an~ it may 
be that the so-called It 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 unpublished data that there IS a ·definite distinction between a 

I HORNER! O. R., Btmlt, D., and HOOVER,S. R. J'BJ:P.IJLlTlON OJ' HUlU.TJC O.!BON ~ OrBJ:R :3tJKAUI 
XETAUI. 1'IBDt l'hysloL (In PI1l!ll.) 
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. profile of the character of this one and the podzols of the cold and 
humid areas to which the term is ordinarily applied. Whether a new 
:term should be used to describe them remains to be seen. 

Other than -for this variation in leaching, the soil colloid developed 
on the Fargo parentmaterialappear,s to be the same as that developed 
on the loess in Nebraska. and on glacial drift in Montana, under the 
same general climatic conditions. 

THE McLEANSBORO PROnLE 

As mentioned in the introduction, a development of claypan on 

level areas is not confined to regions of low rainfall. It 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 Illinois was 

selected. It is developed on level areal1, with hi~h rainfall and at a 

mean annual temperature much higher than m Nebraska. The 

analytical data are presented in tables 29, 30, and 31. 


TABLE 29.-Mechanical analyses of McLeansboro Bilt loam 1 

1:6 ~~I~~I~ ~ '" .. " ~~ "0mS ; ei ii i~ Si:Q 
Sampieno. Horizon :!s ~ St!i 'g S ~8 1~ ;~ SI».= ..... e~ 

~ - ",. ~~ g.ciO. ",I "'1 ~"'1 .."'j - ';.1 I» ;gj ...,.. e'" .-"'1 0 "" ..-~ 0_ ::S . .!3A 0- e r.. ~d 53 0 0 0" 
------I-----I---- ­'" 

~ 

Per- Per- Per- Per- Per- Per- Per- Per- Per-
Inrhea um um um un! um um un! um un!1000L ____________ Al____________ 6-8 0.9 2.0 1.6 2.2 2.7 00.7 23.3 16. 5 0.4 


10333____________ Bl_______________ 

10332____________ A'________________ 

8-12 .7 1.6 1.2 LO 2.0 62.6 29.7 21.0 .6 

10334_____________ B._________________ 
 ~16 .2 .8 .8 L2 1.4 62.1 43.0 36.6 .2 

10335 _____________ B,________________ 
 16-111 .2 .7 .8 1.4 1.6 5L5 43.4 35.3 1.0 

10336_____________ C_________________ 1~26 .2 .0 .9 1.7 1.8 48.6 45.71 38. 6 .1 


26+ .4 LO 1.3 2.2 2.5 60.5 3L7 25.1 1.0 

lDeterminations by H. W. Lakin and T. M. Shaw. 
10rganic 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 are very definitely developed. The Bl horizon is 
essentially the same as B2, 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 B2, except for a slightly increased 
silt content. The high clay and colloid co.ntent of the parent material 
indicates either transfer of colloid into it or formation of .colloid .ill 
place. Yet there is material translocation of colloid from the A 
horizon 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 analyses of the profile indicate severe leaching through 
the whole profile so far as it is examined. This is shown by the total 
absence of carbonates and by the pH values obtained (table 30), as 
well as by the soluble-salt content. It is therefore impossible to 
say, 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 
feldspare, as 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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TABLE 30.-Chemical analysfl8 of McLeansboro silt loam soil' 

Sample no. Horizon Depth SIO. Fe,O, AlsO, MgO CaO K.O Na.O TIO. 

1------------­~ 

Imhu Perunt Percent Percent Percent Perunt Percent Percent Percent10331-_______ A,_________ 
10332 _________ As..______ 6-S SO. 59 3:34 8.03 0.53 0.45 1.26 0.00 0.00 
10333_________ 1J-12 78.00 4.26 10. IS .61 .45 1.36 1.06 .91B, _______ 

12-16 73.Zl 6.14 12. 56 .S9 .S9 L44 1.29 .91 
1O'~_________ B.....______ 16-19 71.66 6.00 13.60 .SO .50 1.35 .88 .92 
10336 _________ C _________ 
10335 _________ B._________ 

19-26 70. 95 5.93 14.12 .96 .37 1.43 .94 .91 
26+ 74.82 5.35 11.75 .80 .57 1.77 1.35 .91 

Sample Ignition SolubleHorizon Depth MnO P,O. SO, Total CO.' N pHno. loss salts I 

Pam 
~er 

Inch.. Percent Percent Percent Percent Percent Percent Percent mIllionA,____10331 ____ 6-S 0.15 0.13 3.82 0.10 100.20 0.00 0.10 5.2 <29810332 ____ A,______ 
8-12 .06 .10 3.20 .07 100.35 .00 .05 4.5 <298 

12-16 .04 .07 4.02 .07 101.09 .00 .00 4.S <298 
10333____ B,____ 
10334____ B,______ 

16-19 .03 .08 4. 58 .07 100.47 .00 .05 5.0 <29810335 ____ B'_____ 19-26 .04 .10 4. SO .05 100.60 .00 .04 5.3C______10336___ 26+ .10 3.10 .05 100.66 .00 .02 5.7.00 i ~= 
I DetermluatioDS (except pH and soluble salts) by J. O. Hough• 
• CO, of the carbonates . 
• Determined by bridge method. 

TABLE 31.-Chemical analY8fl8 of McLeansboro silt loam colloid 

I 
Colloid 

Sample no. Horizon Depth ex- SIO. Fe,O, A1,O, MgO CaO K,O Na,O 
tracted 

Inche. Percent Percent Pereent Percent Percent Percent Percent Percent10331-_________ AI_____ : __ 
6-S iO 46.00 S.22 23.81 1.65 0.44 L60 0.0710332__________ A,________ 


10333_________ BI_________ 
 8-12 iO 48.72 9.18 24.83 1.iO .29 1.52 .OS 
10334__________ B,______ 12-16 75 48.43 10.84 24.07 1.77 .34 1.44 .06 

16-19 SO 48.92 11.11 24.92 1.95 .43 1.35 .3311l331L_________ B,_________ 19-26 79 49.25 9.48 20.08 1.98 .43 1.33 .2810336__________ C _________ 
26+ 79 tB.21 0.69 29.11 2.20 .73 1.57 .32 

Sample Igultion OrganicHorizon Depth TIO, MuO P,O. SO, Total CO,, Nno. loss matter I 

-------------f---------------
Inch.. PtTcent Percent Percent Pereent Percent Percent Perunt Percent PercentAI______1033L ___ 6-S 0.83 0.03 0.26 0.23 16.21 100.01 0.60 0.21 0.25

10332____ A,______ 8-12 .81 .02 .18 .10 12.53 100.02 3.21 .11 .12
10333____ B,______ 12-16 .81 .07 .16 .16 11.4S 100.23 1.03 .26 .12
10334____ B,_____ 16-19 .S9 .03 .13 .17 10.80 101.03 1.95 .12 .16
10335____ B,_____ 19-26 .S5 .03 .14 .15 10. il 100.71 1.S2 . .06 .15C ______10336____ .92 .07 .18 .17 10.11 100.28 .11 .13 

1 
26+ 1.47\ 

I By combustion method (CO, XO.471). 

I CO. of the carbonates. 


The analyses of the colloids (table 31) are normal for the prairie 
colloids. The high organic matter in the Al horizon is accomp'anied 
by correspc;mding quantiti~s of phosphorus an~ sulphur and .by slightly 
higher CalCIum and potaSSIUm, as compared WIth the A2 honzon. The 
carbonates, which are negligible in the whole soil, 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 denved data in t,able 32., is 
substantially the same as that of the Nebraska soils, with the 
exception of a few features. .. 
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TABLE 32.-DerilJed data: McLeansboro ailt .loam colloid 

Molecular ratio Com-
Water blned 

oC waterSample no. Horizon Depth BIO,IBIO, BIO, BIO, Fe,O, hydra· orthe·Fotai tlon !KIUF'e.O •. AIIO. FelO, &1,0, &1,0, bases acids I 

Inchea Percent Percent1033t____________ .AI__________ 
9-8 2.72 15.02 3.33 0.221 11.58 9.44 11.36 

10222____________ 
10332____________ .AI-_________ 

8-12 2.69 14.05 3.33 .237 12. 40 9.21 10.79HI___________ 12-10 2.60 11.84 3.33 .282 12.11 9.29 10.63 
10335____________ B,.._________ 
10334 ___________ B._________• 19-19 2.59 11.65 3.33 .285 10.56 8.73 10.27 
10336___________ C__________• 19-26 2.60 13.75 8.20 .233 10.76 8.83 10.37 

26+ 2.45 19.16 2.81 .147 9.47 8.53 1L14 

I Carbonates deducted . 
• Water oC hydration plus water equivalent oC the bases, corrected Cor organic matter and carbonate 

content. 

The silica-sesquioxide and the silica-alumina ratios are those of 
prairie and' not of chemozem type (3). The silica-iron oxide ratios 
mdicate that a much higher degree of podzolization, i.e., fractionation 
of the colloid, accompanies the translocation of the colloid downward 
than occurs in the chemozems. 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 (BI and B2) than 
in the second 7 inches (Ba). The silica-total base ratios are much 
greater than in the chemozem colloids, a feature which corresponds to 
the evidence of leaching already mentioned. The lower silica-total base 
ratio of the Al horizon and of the C horizon ue indications of the high 
base-holding power of organic matter and of the decreased leaching 
of the C horizon. 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 point of considerable interest, as will appear in the general dis­
cussion. The whole profile indicates translocation of colloid as a whole 
from the upper to the lower horizons and makes probable the presence 
of a soil acid of definite composition but essentially different from 
that of the chemozems. 

HYGROSCOPIC RELATIONS 

In a 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 sulphuric 
acid, 75 percent humidity. In the colloids there re:p,orted a' wide 
variation of this ratio was noted. For the Amarillo siltr clay loam 
colloid, a chernozem, the ratio was found. to be. approXlDlately 1.9; 
for the Marshall silt loam colloid, a prai'de soil, about 2.5; and for 
the Davidson clay loam colloi<!, a lateritic soil,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'~losely similar as 
their analyses indicate, this water-vapor relation would also indicate 
their similarity. The results of this examination are given in table 33. 
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33 A. STUDY OF CLATPAN SOILS 

TAlILliI33.-HlIgroBcoplc properties of the colloida of the soil projilu found in tableB 1 
to SB, inclmiIJ6 

FILLMORE SILT LOAM KEITH SILT LOAM 

All- All-Water vaJlOl' Water vapor
absorbed . absorbedsorp- sorp·

tlon tionover- over­ratio ratio 

Sample Hod· Sample Hor!·Depth DepthDO. zan 3.3 per. no. zan 3.3 per 
3.3 per. 30 per· cent~ a.3per· 3Oper· 

cent cent 30 per. 30 per­cent centHsSO, HsSO, cent centHlSO, HtSO, 
H,SO, n,SO,-

Per· Per- Per· Per· 
8088._____ Inmu cent cent lnthu emt centA,___ 9222.__._. A,__ •0 -2 27.09 12.17 2.21 0 - * 32.39 15.50 2.098089._____ A,__ • 9223._____ A,__ •
8090____• 2 - 6* 27.79 13. OS 2.12 9224_____ . *-3* 32. 83 15.4Il 2.12

B,_•• 6*"16 34.14 17.51 1.95 B, __ •8091______ 3J.2-14 34.56 17.21 2. illB.__ • 9225._.___ B,___16 -38 34.M 18.17 1.92 14 -21 34.18 17.71 1.938092_____ • B.__ • 9226__ •__ •38 -42 33.02 16.87 1.90 , 5 •• _. 21 -33 32. 00 16. OS 2.058093______ B,__• 9227_____ •
8094._____ 42 -60 33.48 16.48 2.04 , 6 •• _. 33 -40 32. 91 14.13 2.33B6___ , 7 ____9228__ ._••8095______ 0 ____ 60 oM 33.41 16.00 2.09 9229______ 18____ 40 -48 33.28 14.45 2.30 

84 -96 32.25 16.25 LOO 48 -72 32.33 15.29 2.129230______ 19____ 72 -96 32. 91 14.61 2.25 

ORETE SILT LOAM 
PIDLLIPS SANDY LOAM 

8099______ IAt__ • 0 -1H 26.18 12.42 2.11 
I*" 4 26.28 13. 42 1.96 8749_____• A, ___ 

8100______ A.___ 
8101.____• A,.__ 4. -20 27.76 12.85 2.16 A,___ o -1* 25.75 10.63 2.42
8102_.____ B,___ 8750_.___•20 -38 32.03 15.85 2.02 B,___ IH- 4. 25.76 11.17 2.31B,___ 8751.____•8103______ 38 -60 35.89 17.36 2.07 8752______ -9 29.85 14.06 2.128104-____• B,___0.___ 9 -19 34.30 16.71 2.0560 -84 34.89 16.65 2.09 " 8753._.___ B.___ 19 -36 33.83 16.44 2.068764__ •___ B,___ 36 -64 35.93 16.74 2.15C ____87M-A___ M -64 35.25 15.56 2.26HASTINGS SILT LOAM 

11079._____ AI__ • 0- 6 28.44 13.34 FARGO CLAY8080______ A,__ • 2.13 
6 - 20 30.04 14.88 2.028081..____ B, __• 20-30 33.85 16.60 2.048082._____ B.___ 30 - 43 33.H 17.37 1.91 106. _____ A,___ 0 -6 29.20 2.228083.____ • B.__ • 43 -67 28.14 17.14 LM 1Oi.____ ._ 13. 

13 18084..__._. B,___ A,._. 6 -10 19.55 1'.56 2.28
8085_____• 0. ___ 57 -78 26.31 17.17 L63 lOS.____•• B.__ • 12 -20 35.07 rd. 07 1.9378 -lOS 27.13 16.80 1.62 109__ ••••• C __ •• 32 -48 34.23 16.22\ 2.16 

HOLDREGE SILT LOAM 
McLEANSBORO SILT LOAM 

9215.____• AI___ 0 -4 ao.oo 13.16 2.289216••____ A,___ AI ___4 -7 28.71 12. 76 2.25 J0331. ___ • 0 -8 2.259217____ ._ A.___ 23. 10 [10.367 -18 30.15 14.65 2.06 10332••••_ A,_•• 8 -12 21.69 11..29 1.919218_____ • R, __ • B, __ •18 -30 33.43 16.75 2.00 10333_••• 12 -16 25.29 13.60 1.869219______ B,___ 30 -49 33.92 16.02 2.12 10334.____ B,_ •• 16 -19 30.04 14.37 2.099220____ •• B,___ 40 -72 34.63 16.06 2.15 10335__• __ B,.__ 19 -26 2.069221..____ 30.65\14.850_._. 10336____• C_.__72 -96 34.90 15.72 2.22 26+ 30.04 14. 62 2.08 

I 0 horizon not distinct. 

These data may, at first sight, seem too satisfactory in that they 
show the chernozem and solonetz profiles to have a nearly uniform 
water;..vapor ratio over 3.3 and 30 percent sulphuric acid with a.zmean value for the first seven soils of 2.08 and for the praine profile 
a mean value of 2.04. This relation may seem to indicate a closer 
similarity between the McLeansbor~Jlrofile and the others than is 
walTanted by the analytical data. However, in the general discus­
sion which follows there will be given a possible explanation. 

The data of table 33 bring out a point of great interest with refer­
ence to 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 lower than for the Bhorizons. This difference is 6f considerable 
magnitude. The average for the B hoHzons of the eight soils in 32.96 
percent, while for the A horizons it is 27.27 percent, a difference of 
5.69 percent for the absorption from a nearly saturated atmosphere. 
At 75 percent humidity the mean values for the B horizon colloid!!! 
is 17.14 percent and for tlie A horizon colloids 12.71 percent, a differ­
ence of 4.43 percent. These differences are too wide and too general 
to be accidental, despite the fact that the water-vapor absorptions 
are known not to be equilibrium values. 'l'he 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, a difference of 
5.31 percent. 

It would apparently seem that the inference is warranted that the 
hygroseopicity of the or~anic matter of these colloids is less than that 
of the inorganic part. This 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 (13) in which the 
water-vapor absorption of the colloid of 15 surface soils over 3.3 
percent sulphuric acid shows a mean value of 0.2825, whereas 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 a mean 
organic content of the surface soil colloids of 6.36 percent, while the 
subsoil colloids have an organic content of 3.08 percent. Among 
these soils are three in which the surface soil colloid has higher absorp­
tive capacity. These are the Cecil, Stockton, and Wabash soils. 
Of these three, the Stockton and Wabash are 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 careful 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 silica-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-va:eor 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 
has been 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 anr inorganic soil colloid i.e greater 
than its organic associatedmatenal, even though this a.ppears to be 
the case in the colloids of at least the chernozem and prairie soil 
groups. 

In drawing the general conclusion that the o:t:ganic colloid is of 
relatively low water-vapor absorption in these colloids, it should be 
mentioned that other possible explanations may be found. The sur­
face soils are more subject to alterations through change of tempera­
ture and are therefore more likely to suffer irreversible dehydration. 
This explanation seems most probable, but no evidence is available 
at present. Also, no account has been taken in the above considera­
tionsof the effect of colloidal size on the hygroscopic relations. It 
nas been shown by Brown and Byers (7) that in general the fine 
colloid pa:~ticles, less than 0.1 p, are capable of higher moisture absorp­
tion than "those of greater dimension, and. it is .possible that the finer 
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particles of colloideluviated from the A horizons may be the cause of 
the observed results. The question is of importance, and its further 
inves~ation is being pursued. 

It is 'perhaps also worth whil~to. call attention to the abnormally 
low value of t.\e water-vapol'·: ..t~<>rption of the colloid of the A, 
horizon of ]'a,rgo clay. This phenomenon is also exhibited by the 
humid podzols reported by Anderson andByers (8) and may, :perhaps, 
be considered as the normal behavior of the gray layer (blelcherde). 

GENERAL DISCUSSION 

In order to bring into as condensed form as possible the general 
information conveyed by the analytical data of tables 1 to 33, inclu­
sive, so that this information may serve as a 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. . 

TABLE 34.-Review oj data: Colloids 
-

Molecular ratio Com 
Col- blned Absorp·lolds waterSoU type tlonIn the SIO,' oftheBIO, SIO, SiO. FesO. ratio'soU I Tiiiiii soU

FesO• .Al.O. FesO. AIJO. AlsO. hases acid' 

Fillmore sUt loam: Pactfl1 PereenlA hcrlwn_________________ 
Claypan , __________________ 
Entire proflle______________ 

20.0 
49.1 
30.0 

an 
8037 
8063 

17.29 
15.44 
17. :In 

4.72 
4.19 
4.60 

0.275 
.271 
.267 

7.22 
7.03 
6.84 

9.28 
9.60 
0.156 

2.17 
Loa 
2.03 

Crete silt loam: Ahorizon__________________ 
Olaypan , __________________ 
Entlrestftroflle­ _____________ 

20.1 
46.2 
25.0 

8037 
8.42 
8.42 

17.83 
17.33 
17.52 

U5 
4.26 
4.25 

.232 

.246 

.242 

7.17 
6.81 
7.35 

10.38 
10.28 
10.35 

2.08 
2.04 
2.07 

Hastings t loam: A homon__________________
ClaypBn , __________________ 
Entirestftroftle­ - -___________ 

24.5 
34.0 
24.7 

8.26 
3. 21 
8.44 

17.43 
18.41 
17.80 

4.13 
4.00 
4.33 

.231 

.217 

.242 

8.71 
7.73 
7.48 

11.59 
lL19 
10.01 

2.08 
L97 
L84 

Holdrege t loam: A horlron ___•______________ 
Claypan • __________________ 
Entire profile ______________ 

21.6 
31.5 
21.7 

8.60 
8.58 
8058 

18.03 
18.30 
17.87 

4.34 
4.46 
4.76 

.231 

.244 

.251 

7.22 
6.67 
6.75 

10.52 
10.62 
10.M 

2.27 
2.06 
2.15 

Keith silt loam: A horlzon __________________
Claypnn • __________________ 
Entire proflle _____________ 

18.1 
23.4 
18. 5 

8. 761 
8.60 
8.68 

19.81 
19.37 
:In. 30 

4.65 
4.42 
4.60 

.234 

.228 

.222 

11.28 
5.82 
5.78 

ILlS 
10. 74 
11.:In 

2.11 
1.97 
2.13 

PbUllps sandy loam: A homon__________________
Olaypan , __________________ 
Entire proflle ______________ 

13.1 
26.0 
21.4 

8. 53 
8027 
8.41 

16. 21 
15.11 
15.61 

4.60 
4.17 
4.36 

.278 

.278 

.276 

7.79 
8.00 
7.61 

0.52 
10. 26 
10.11 

2.36 
2.08 
2.:In 

Fargo clay: A horizon __________________ 
Olaypan , __________________ 
Entire profile .. ____________ 

23.0 
58.8 
40. 0 

4.94 
8.53 
4.25 

23.05 
20.47 
21.46 

11.88 
4.26 
5.66 

.414­

.208 

.316 

7.52 
7.01 
6.94 

8.24 
0.12 
6.72 

2.25 
L93 
2.04 

McLeansboro sUt loam: A horlwn __________________ 
Claypan •• ______~__________ 
Entlio proflle______________ 

10.1 
35.5 
28.0 

2.71 
2.60 
2.61 

14. 53 
11.74 
14. 25 

3.33 
3.32 
8.22 

.229 

.283 

.234 

12.02 
11.33 
10.51 

11.08 
10.42 
10.81 

2.08 
1.118 
2.111 

Determined by mechanical analysis . 
• Oarhonates deducted. • 
I Water of hydration plus water equlveient of bases, corrected flft carhonates and organic matter • 
• Water absorhed over 3.3 percent H,BO. divided by water absorbed over 30 percent H.BO .. 
, Includes only BI and B•• or equlvalent horizons. 

It would app~ear that, with the exception of the Fargo soil, the 
claypans are all produced by the same process. The colloid as a 
whole is translocated from the surface downward by dispersion and 
eluviation. The transfer is from a point of lower toward one of 
higherJH value. It seems probable that originally the parent
materi contained calcium carbonate, or calcium silicates. As a 

I 
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result of leaching, calcium bicarbonate was formed and transported 
downward through the parent material in periods of excess precipita.­
tion. During .c:IrY periods the bicarbonate would be decomposed and 
precipitated as the carbonate in the stratum of maximum mean 
water penetration. The soluble calcium saltsjust above the carbon­
ate layer would tend to flocculate dispersed colloid, and its accumula.­
tion thus tends to decrease the :permeability of this layer. Where the 
rainfall is sufficiently high, as mthe Fillmore and Crete areas, this 
layer may become sufficiently dense as to be practically impermeable. 
From the description of the soils it would!'~Eear that It is Immaterial 
whether the water reaches the soil by 1'. all or by drainage from 
higher areas. Where the rainfall is still higher, the layer of calcium 
carhonate cannot form, because of nearly constant underdrainage. 
The exceeding tightness of the claypan is not sufficient to stop under­
drainage completely but only to impede it. This would appear to be 
the case with the McLeansboro 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 
and 8.ls0 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 appa.rentl:(due to the differences in the parent mate­
rial which is glaCIal drift m the Phillips area. The examination of 
the water-soluble material shows a reasonably large accumulation of 
soluble alkali salts beneath the B horizon (table 22 and discussion).
It is reasonable to asstlllle, therefore, that the origirial material of 
which the soil was formed contained sufficient salts to precipitate the 
dispersed colloid and to form a 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 asserted, 
because of.l~ck of .information, that the noJ?Slick-spot areas a~jacent 
to the Phillips soils were developed on different parent drift. It 
would be of mterest to determirte this 'point. It is not necessary to 
assume that fractionation of the collOIds has had any part in the 
development of the claypans, though evidence of such fractionation 
is detectable in any case where a claypan is formed. Neither is it 
necessary to assume that free ferric hydroxide or aluminum hydroxide 
have played a pArt 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 constancy of 
composition throughout >each 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, as 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, 
rund equally silVlfficant of the probable part played by the soluble salts 
is the relatively small concentration of collOId which produces the 
"tight" cl8;yp'~ of. the Phillips so~. The existence of fractionation 
of the collold 18 mdicated strongly IIi the McLeansboro profile by the 



37 A STUDY OF CLAYPAN SOlIS 

'decrease of the silica-ferric oxide ratio and the increase of the ferric 
oxide-alumina ratio in the Bhorizon as compared with the A horizons. 
This alteration is less in .the Fillmore profile and still less in the Crete 
profile. It becomes still less definite in the Holdrege, Keith, and 
Phillips profiles. 

As mdicated in the discussion of tables 251 26, 27, and 28, the Fargo 
clay presents a different picture. The colloid is not uniform, and the 
soil is not leached below the clayp'an. It would appear that the origi­
nal clay deposit on which the soil developed is the claypan, and that 
the unquestioned 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, 
26, 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, has 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 the differ­
ent soil. colloids, inor~ani<? :tacid~" of definite co~position, 3H2Q. 
A120 a.6SI02, montmorillomtic acJd; 3H20.Al20 a.4SI02, pyrophyllic 
acid; 3H20.Al20 3.2Si02, halloysitic acid; and 3H20.A120 a, 8luminum 
hydroxide. The names are derived from the clay minerals which most 
closely approach the soil colloids in composition. Pyrophyllite is 
partly dehydrated and crystallized, while montmorillomte appears to 
be a hydrate (10) and of rather indefinite composition. These acids 
are to be regarded as amphoteric and to have a definite constitution 
which, in the absence of synthetic evidence, may be hypothetically 
represented for one of them by the following formula: 

O-BI-OR 
J; 0 

nO-BI1/ " AlOR 
"0/ 

PyrophyJl1c 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 radicals. The inorga-lic 
part of the colloid is associated with more or less organic matter, but 
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, however, that a 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 samples of the compounds in question are not to be 
expected to occur in nature. 

That a very close approximation to the hypothetical pyropbyllic 
acid is found in the collOid of the first six profiles summarized in table 
34. is made evident from the following consideratioIlf!: The silica-sas­
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quioxide ratio of these six profiles averages 3.53 ± 0.13. A sample ofpyrophyllite, beautifully crystallized, which W8,S obtained from theSmithsonian Institution and analyzed by R. S. Holmes, hass. silica­sesquioxide ratio of 3.67, while the samples of this mineral reportedby Dana (10) range between the limits of 3.40 and 3.88.The iron content of these colloids is essentially wholly associatedwith the alumino-silicate radical, i.e., plays the part of the aluminumin a complex acid raclical, as is indicated by a number of facts. Thesesoils, when treated with hydro~en peroxide for removal of organicmatter, leave a grayish-white reSIdue with no trace of the red or yeI.lowcolor of iron oxide. The silica-iron oxide 'and iron oxide-aluminaratios fluctuate in the different parts of the same profile within ex­ceedingly narrow limits, as compared with most soil colloids of othergreat groups. The silica-alumina ratios, therefore, ought to begreater than 4, as they are, in every case. The silica-total base ratioindicates that the acid complex which is presumably a stronger acid(8) than are the acids of lower silica-sesquioxide ratio (8) holds thebases strongly. How much of this indicated high base content is tobe ascribed to the strength of the acid and how much to limited leach­ing, under low rainfall, cannot be determined.
The most striking evidence of a definite soil acid is furnished by thewater of combination of the soil acids given in table 34. The quantityin question, it may be repeated, is caIculated by subtraction of thecarbon dioxide and orgaruc content from the ignition loss, adding tothis value the water equivalent of the bases present and then correctingthis value for the organic matter and carbonates present. This opera­tion leaves a number of inaccuracies and uncertainties. The basespresent weigh more than the water they are assumed to replace. Apart of the manganese is also in manganous form and therefore re­places hydrogen, but how much of it is so held is not determined.The phosphorus pentoxide and sulphur trioxide, so far as they are apart of the inorganic complex, also replace water in the acid complexwhich is amphoteric. It is certain, however, that a part of each ofthese 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 beso dismissed. The assumption is generally made that all water givenoff from a soil-colloid below 1050 C. is not chemically associated withit. This may be true of colloids of the general type of aluminumhydroxide, but it cannot be assumed in the case of substituted silicicacid, such as are assumed to exist in these colloids. How large theerror introduced by maki~ this assumption may not be estimated.The laboratory of the DiviSIon of Soil Chemistry and Physics, Bureauof Chemistry and Soils, is at present engaged on this point, but thedata are not yet available.

Another known source of error is the uncertainty in the determina­tion of the organic matter, which has been reviewed by Alexanderand Byers (1). This error is likely to be compensatory for the others,since the organic matter, as calculated from the factor 0.471 X CO2, isprobably too low, thus making the apparent water content as re1?ortedsomewhat too high. All the other undetermined or neglected correc­tions· would tend to increase the combined water values. Whenthese items are considered, the fact that the mean value of the waterof combination of the six profiles is 10.45 ± 0.86 shows that the con­stancy is too great to be considered accidental. Pyrophyllic acid, 
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. HsAlSi20 7, should have a water content, if pure, of 13.6 percent. 
The trend of the .evidence is that this acid, if it exists in the~e soils, 
doeS so as an acid salt of the general type, MH/i(AlSi20 7h. This gen­
eral relation is supported by the fact that the water equivalent of the 

, bases is on the average 2.28 and therefore a ratio with the 13.6 percent 
of 6.0. If then, the acid is pyrophyllic acid,approximately lout of 6 
hydiogen ions are neutralized. It is scarcely to be expected that an 
acid salt of this type can be heated to 105° O. and not lose a part of 
its water. The behavior to be expected should be analagous to that 
of silicic acid itself. The general conclusion is therefore that a. definite 
acid of the pyrophyllic type exists in the six profiles just considered . 

. This statement may also be considered as being applicable to the 
colloids of the Barnes silt loam profile, reported by Denison (12), the 
Colby silty clay loam reported by Middleton, Slater, and Byers (20), 
and the Amarillo silty clay loam reported by Anderson and Byers (3), 
all of which are chernozem soils. 

The relation of this colloid of essentially constant composition to 
cliu!atic and other conditions requires some consideration in view of a 
re(lIently published paper by Reifenberg (22). This author attempts to 
show that there is a direct relation between the silica-sesquioxide ratio 
and rainfall. He uses analyses of American soil colloids as the basis of 
his argument and cites the apparently confiictmg evidence of Robinson 

.and Holmes and of Orowther on the one hand and of Jenny and of 
Baver and Scarseth on the other. In view of the fact that the same 
colloid develops with a range in rainfall from 13 to 32 inches, it can 
scarcely be established that rainfall is the sole determining influence. 
Indeed, 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 hydrolyti.c 
products. It seems apparently clear also. that the parent material 
plays a 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 assign to anyone of these a primary 
role. It is rrobably the case that the relative importance of these 
fundamenta factors in soil formation is. variable under different 
conditions. 

The Fargo soil colloid (table 34) presents a somewhat different case. 
It would seem to have a composition which indicates an intermediate 
condition between the montmorillonitic type of colloi.d and the 
pyrophyllic type. This is not believed to be the case, despi.te the high 
silica ratios of the A horizon. It seems more probable that the true 
charact-er of the colloid is represented by the silica-sesqUloxide ratio of 
the B horizon, and that, as pi'eviously mentioned, the A horizons, 
especially the A2 horizon, are affected by secondary silica of colloidal 
diInension. Of greater interest is the water content of the soil acid, 
and . the evidence, previously mentioned, of the pseudopodz~lic 
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 a much more mtensive investigation. 

The McI.Jeansboro profile is typically that of the prairie soils. The 
colloidal acid has characteristics of B,n intE'rmediate stage between 
that of the pyrophyllic structure and the halloysitic. The debasing 
effect of t,he high rainfall is apparent. The water content of the soil 
acid is slightly higher than for the chernozems but still much below 

http:despi.te
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'th~t':of halloysiticacid; The. results are in harmony with. those for 
prairie soils ,pres/ilnted by Middleton; Slater, and Byers (20) -the 

,Marshall ~oil,from Iowa, the Shelby from Missouri, and the Palouse 
. from Washington. . . 

'. .The f1bs~rption r!l-tios ~ven in the last column. of table 34 require 

somespeClal conslderatIOn. As already mentIOned, Brown and 

Byers (7) ,in their stud>: of the fractionation of soil colloids, ·have 

calle~ atten~ion to the Wldev~ation in the.wate:r:-vap~r absorption of 

collOlds of different type£; and different collOldal dlmenslOn. They also 

pointed out that surface alone is not an adequate eXplanation of the 

. variations observoad. In the series of colloids under present considera­

tion, there is also fou nd in colloids of presumably like size 11 rather 

wide variation in the water-vapor absorption; a range between the 

limits of 19.58 and 35.93 percent for 99 percent humidity and between 

8.56 and 18.17 percent for 75 percent humidity. There is, however, 
no such range between the ratios observed as given in table 34. It 
has been pointed out that a partial explanation may exist in the be­
havior of organic 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 percent humidity more tenaciously than do colloids domi­
nantly halloysitic or lateritic. This possibility is intriguing and calls 
for special study. 

Some unfinished investigations, at present being carried on, lend 
some support to the view expressed. At present, they do not furnish 
proof. There are also, particularly in the work of Anderson and 
Mattson (5) and of Anderson (2), data which show a marked influence 
of the presence of bases in the colloids on the water-vapor absorption 
at 75 percent humidity. In what 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 analyses are determinations of the sol­
uble salts and hydrogen-ion concentrations of eaoh horizon and the 
water-vapor absorption of the colloids over 3.3 and 30 percent sul­
phuric acid. The analyses are preceded by a careful descript,ion of 
each profile and a description of the areas in which the soils occur, 
together with data on climatic and vegetative conditions. 
. From the analytical data are calculated the usual ratios of the silica 
to sesquioxide, iron oxide, alumina, and total bases; also the ferric 
oxide-alumina 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 
bll-ses' present. 

The data show that the six chernozem soils' ontain a colloid which, 
though developed under a rainfall ran~g f. _"U 13 to 32 inches, is 
essentially the same ma.terial. It varies ill calcium carbonate, organic­
mlj,tter, and base content, but it has a mean 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, ·thegray layer of which :may be' considered as being 
. pi'odllcedby chemical·action .rather.than.cdlloidal translocation :down­

'ward; The McLeansbo.ro profile is chemicaJIy:a typical prairie soil. 
. Anexplana-mon is·,offeted for the .existence ·ofthe -elaypans ,and for 
·,theirabsence when not found. . 

,A, general discussion of the chemical and physical prope.r.tiesofthe 
ccolloids is .made the basis for the conclusion that the dominant material 
in ·thecoTIoid is ,an add salt of the hypothetical pyrophyllic acid, 
H.AlSi;07' This -sslt is .consideredto ha.ve the ,genera.1formula 
'MH6(AlSi20 7)2 in whichtli~ bases are chiefly magnesium, calcium, 
'Potassium, ;andsodium. 

'The >.examination of the moisturel'elations leads to the a.pparently 
nnorthodox and improbable .conclusion -that the wate:r-vapo;' absorp­
tion of the organic colloid of these chernozems, at least, is less than 
for,thecorresponding.inorganic colloid,. although other possible expla­
:nationsare pointed out. Which of these, or some other explanation, 
is correct must be decided on in the l~ght ,of future evidence. These 
data also lead to the tentative conclusion .that chemical relations play 
;an im,portant part in determininK the quantity of hygroscopic we,ter 
which .may be absorbed -by soil collQids. 
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