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INTRODUCTION

The system of soil classification developed by the Division of Soil
Survey has been based largely on the field examination of soils and
is comprehensively presenfed by Marbut (29).! As a cumulative
result of these studies and of similar previous and contemporanecus
studies elsewhere (42) it is possible to state that soil morphology is
& resultant of a number of ceusal influences. Among those especiall
important are rainfall, temperature, vegetative cover, parent material,
dramnage, and erosion. It must, of course, also be recognized that
the time during which these forces have operated determines to a
large degree the extent to which a soil has reached full development.
The meany studies of the chemical and physical properties of the
soil made in the United Stetes and elsewhere have %rought out very
definitely that the seil component of primal importance in determining
its character is ifs colloid. Through these studies it has appeared
that a given soil series is characterized by s colloid in which there is
striking uniformity of composition (21, 23, 24, 32), particularly with
reapect to the major components. As for different soil series colloidal
distinctions are to be expected. It also appears that the great soil

oups are characterized by the presence of colloids which sharply
gli-ﬁerent.iate the groups when selected representatives are chosen
(3, 12).

¥ Italic numbers In parenthesea refer Lo Lierniure Ciled, p. 6.
17756°—86——1
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Since the studies of Cushman {(77) and Cushman and Hubbard (1)
it has become increasingly spparent that the hydrolysis of minerals
is the dominent chemical process in the productien of the colloid
while its final character is influenced by verious chemical and physica
processes. In various publications the importance of different ‘nflu-
ences has been stressed.  For example, in the work of Robinson gnd
Holmes (41) and of Reifenberg (26) the importance of rainfall was
emphasized, while Crowther (76) and Jenny (25) have stressed the
influence of temperature. Brown, Rice, and Byers (?) examined &
series of soils fromi Nebrasks which under & § airly wide reinfail showed
small differences of colloid character, though there were wide differ-
ences in the distribution of the colloid within the profile. In these
soils the mean annuel temperature is nearly the same, the parent
materiel presumably the saime, and the vesetative cover likewise
very similar., Al of the soils in question belong to the Pedocal
division,

It therclore seemned ver: worth while to examine carefully & series
of solls in which the distinctive environmental condition is a difference
of temperature. Tn selecting the soils for examinstion advantage
was taken of specially favorable cpportunity for processine certein
profiles. In order to seeure the ternperature range desired soils of
diverse parent material had to be selected. All fall in the division
of Pedocal soils. While the chief purpose of the study is an examina-
tion of the suil colloids, the duta obtained include both the maechanical
and chemical annlyses of the whole soil,

The collection and description of the profiles examined could oely
have been possible as a resilt of whole-hearted cooperation by the
members of the Soil Survey Division.

DESCRIPTION OF THE SOILS

The soils presented here are not all of agricultural nportance, but
were selecled to show the specific effect of climate, parent material,
nnd other factors which have combined to produce the soil as it now
is. Information and data have been liberaily taken from other pub-
lications, as cited. The following descriptions are divided into three
parts: (1} A general description, if svailable, of each soil series fur-
nished by the Division of Soil Survey of this Bureau: (2) a genersl
description of the specific soil obtained in part from the coff,lector;
and (3) the specific description of the profile by the collector.

Following the more recent practice of the Division of Soil Survey,
the portions of the vertical saction of the soils have only been num-
bered. They will be referred to ss horizons as & master of convena
ience, although morphological differences are not readily distinguished
in dry-land soils.

SCODREY SERIES

The scils of the Scobey series are normally developed over an
extensive arca which begins in the western part of North Dakota,
oxtends in & northwesterly direction across the northern plains of
Montana, and continues to an unknown distance into Canads. The
greater part of the area lies between elevations of 2,000 and 3,000
feet above sea level. A gradation in the color of the surface soil
takes place across this helt, the darkness of color decreasing west-
Ivmrd in proportion to the lower precipitation and the resulting
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thinner gress cover. The average and characteristic color of the
surlace seil is dark grayish brown and, in the European clessification,
thess soils. would prebebly be grouped with the Chestnut-Brown
soils. The parent material is & calcareous drift deposited during the
Wisconsin glaciation. The swface features sre those of a nesrly
level to gently rolling drift plain. Dreinage is everywhere well estab-
lished. The native vegetation consists of the mixed prairie grasses
of which gramas, needlegrass, buffalo grass, western wheatgrass, and
junegrass are most common. The mesn annusl precipitation over
the region occupied by the Scobey soils ranges from 13 $o 15 inches.
The sample described below was taken in the extreme eastern part
of the belt of Scobey soils, and the surface layers are therefore darker
and the solum thicker than in the average development of this series.
Mspped in Milk River Area, Mont., 1928,

SCOBEY LOAM

The normsl soil for the western part of North Dukota is the Scobe
loam. Tt isa typical dark-brown soil developed on the rolling, well-
drained surface over wide areas. Internal and externsl drainage are
good and roots penetrate the whole soil mass with ease, The profile
sampied bas never been plowed.

Collector—M. J. Bdwerds and K. Ableiter.

Location—S8outhwest corner of sec. 7, T. 151 N., R. 160 W,
McKenzie County, N. Dak.

Climete—Mean annusl rainfsll, 13.67 inches; mean annual fempera-
ture, 38.8° F.

1. 0 to 1% inches, dark grayish-brown light loam; fine soft crumb structure.
Has much very fine sand. Many grass roots. Sample includes surface

sod.

2. 1% to § inches, dark-brown loam {very slightly reddish), soft ecrumb
structure. In situ the soil is feintly platy, grading In the lower part
into the upper part of the prismes of horizon 3. This part of the soil
has many 'grass roofe.  Very few pebbles,

. 5 to 13 inches, brown, witk reddishk tinge {or chestnut-brown) sendy clay
lomin. Prisme somewhat larger and more massive in the verv upper
part. Very weill developed prismatic structure; prisms mostly 12 to 1%
inches in diameter. When removed the soil is in elongated pileces
ranging from smell fo large nut, and heid together by the prass roots.
The mass is fairly easily crushed to medium hard erumb. Quite
brittle when dry. Vesicular., Very few pebbles.

. 13 to 20 inches, brown, with light olive-drab {inge {or grayish-brown),
eandy clay loam. Well-developed prismatic structure, but the prisms
and their constituent blocks sre larger than in horizom 3. A few
pebbles. Just e little less frizble than horizon 3. Effervesces miildly
{very mildly in upper part}. A little less vesicular than horizou 3,

. 20 to 24 inches, light olive-drab, strongly motiled with white, sandy clay
till. Compuct in places but easily frinble. The prismatic structure
of the solum fades In tke upper part of horizon 5.  Sample of horizon 5
largely from the region of carbonate accumulation.

BPEARFISH SERIES

The seils of the Spearfish series are chocolate brown to red and
sometimes carry sufficient organic matter to impart a dark-brown color
to the immediate surlnce. The subsoils are reddish brown to red.
Fragments of gypsumn oceur in both: surface soil and subsocill. The
subsolls are underlain by a stratum of gypsum or gypsum-bearin
rocks, often at shallow depths. The series 18 developed in place an




4 TECHNICAL BULLETIN 502, U. 5. DEPT. OF AGRICULTURE

is derived {rom gypsum-bearing shales and sandstones. The topog-
raphy is level to gently rolling. 'The series is of extensive distribution
but has not been extensively mapped. Qccurring ordina.ri]%in regions
of low rainfall, it is not of great agricultural importance. The forma-
tions giving rise to this series arve readily eroded, consequently the
present surfece soil has not remsined in place sufficiently long to
develop a profile, The soils are therefore very iminsture,

Mapped in South Dakota, 1907.

Revised by T. D. Rice, June 1917.

SPBARTISH SILT LOAM

An extensive and representative development of this soil ceccurs
in South Dakota and W{O@lﬁlg in a comparatively narrow belt
surrounding the Black Hills in South Dakels and Wyoming. The
uplift of the Black Hills tilted and exposed previously nearly hori-
zontal beds. Among these is comparatively soft Spearfish forma-
tion, probably of Trisssic age, consisting of red sendy shales inter-
spersed with gypsum. Along the eastern side of the Black Hills the
cxposure is 1 or more miles wide, but is normally 4 to 5 miles wide
along the southwestern slope. This easily decomposed formetion
was rapidly removed and an annulsr valley was formed around the
main dome of the hills and 8anked on the outer side by & rampart of
hills having o steep inver slope. The vegetation is chiefly buffalo
grass; blazing-ster and wild aster are common on the steeper slopes.

Collector—H. G. Bysrs. Deseribed by F. A, Hayes.

Location—Three-fourths mile north of Piedmon$, Mead County,
8. Dak,, in the northeast corner of sec. 9, T. 3 N., R. 6 E.

Climate—Mean annual rainfall, 17.71 inches; mean annual tempera-
ture, 46.2° I¥,

1. 0 {0 12 inches, pale reddisiy brown. Very fiiable, structureless, but co-
herent, not compaet. Contains scattering siliceous pebbles. The
upper 10 inchos slightly darker than the remainder. This layer con-
taing the organic material of the profile,

2. 12 tn 24 inches. Same as above except red and a!ighﬁ% granuiar, also a
ilﬁ"el mc:éc coinpact. ‘This is evidently the B horizon but is very poorly

eveloped,

3. 28 to 42 inches, ved, very friable; this is apparently the disiniegrated
materisl of the Spearfish formation. Numerous less-weathered Spear-
fish frepments are present but seldom exceed 1 inch in dimensions,

4. 80 to 72 inchies. The finer material similar fo horizon & conteins frag-
ments of gypsum. This gypeurn i a fragmented deposit in the Spear-
fish shale. Three-fourths mile to the east the gypsum is being mined.
I$ cecurs there in a band about 4 feet thick.

BADLANDS

The Bediands consist mainly of the severely eroded parts of the
Brule, Chadron, and Pierre formations. They are developed most
frequently from the Brule materinl, a pinkish sandy clay. Erosion
is so rapid and the subsoil material so unfavorable to immediate
plant prowth that the areas are quite devoid of vegetation. The
resulting topography is unique, in some instances very roughly dis-
sected, and again quite flat. The Badlands were mapped in Sioux
County, Nebr., in 1919,

T Not classified as & 6oil by Lhe U, 8. Scll Survey, therelors no serfes desigoation Iz used.
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BADLANDS8 BILT LOAM

The Badlands of South Dakota are typically developed in the area
just southeast of the Black Hills between the White and Cheyenne
ivers, They are the highly dissected remains of a vast outwash
lain sloping eastward from the Rocky Mountains, According to
Barton and Paige (19) the Brule clay on which this soil is developed
consists of sandy clays, fuller’s earth, volcanic ash, and sendstone.
Also, one of the principal materials is a peculiar clay of a pale flesh
color to light brownish buff, porous and crumbling when dry but
massive, compact, and light brown when damp. It resembles fuller’s
earth and diﬁ%rs from ordinary elay in being fess plastic,

This immature soil differs hittle from the parent formation owing
to the low rainfail and sparse short-grass cover. The samples were
collected from the flat top of a small butte and consist for the most
part of undifferentiated compact sandy material. _

Collector—H. G. Byers. '

Location—~1 mile northeast of Interior, Jackson County, 8. Dak.

Climate—Mean annual rainfall, 14.54 inches; mean annusal temper-
ature, 46.0° I,

1. 0 to 1inck, Dust mulch.
§. i. to 12 inches. Undifferentiated grayish-white compact sandy clay.
4. 7

2 to 30 inches. Bame as layer above.
2 to 84 inches. Parent inzterial.

PIERRE SERIES

The Pierre soils are extensively developed by the soil-forming proc-
ess from fine-grained shales. In the central part of South Dakota
the parent material of these soils is the Pierre shale formation of the
Cretaceous system. This is a region where the normally developed
surface soil is nearly black, but over eroded areas two factors have
combined to prevent the formation of the normal soil: The rapid
run-off of rainfall from the slopes has resulted in a drier soil climate
then corresponds to the rainfaﬁfl, and erosion has removed the black
soil almost as rapidly as it has formed. For these reasons the lighter
colored soils of this region are correlated with the Pierre secies which
is the normal soil of the more arid region farther west.

The surface soils of the Pierre series have a thickness of 8 to 12
mches and are slate colored, olive brown, or olive gray. These soils
are heavy in texture except on comparatively small areas where the
surfacavﬁycr has been modified by wind-laid sands. The surface
layer of Pierre clay when moderately moist is finely granular and
mellow but when wet it rans together into a very sticky mass. 1t is
underlain, as are all types of this series, by an olive-brown or olive-

2y clay. The granu?n.r strucbure usually continues through this
ayer. Below s depth of 18 or 20 inches there is often & heavy clay
or claypan with prismatic structure. It is similar in color to the
layers above, but the texture is slightly heavier. The material at &
usual depth of 36 to 40 inches becomes more friable. The parent
material, an olive-gray shale, is usually encountered at a depth of
4 to 6 feet. The surface is characterized by rounded hills and ridges.
Surface drainage is good,

Established in Belle Fourche area, S. Dak. 1907. Revised by
T. D. Rice, June 1917.
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FIERRE CLAY

The Pierre clay consists of dark-brown to yellow-brown surface
soil underlain by a heavy subsoil. In this area it is derived from the
Pierre shale somewhat influenced by later deposits, The usual tex-
ture 18 that of a loam, fairly silty, or a heavy silt loam which often
possesses some of the sticky nature of gumbo. A fair amount of
organic matter gives the soil a brown to grayish-brown color. At a
depth of 8 to 12 inches lighter colored, heavier, and more compact
material tends to break up in cubes as do the western adobes. At a
depth of 3 to 6 feet the soil grades into gray or slate-colored shale.
The samples were collected from a gentle slope.

Collector—T. D. Rice and H. G. Byers, September 24, 1933,

Location—350 feet from the north end of plot 582, sec. 21, T.100 N,
K. 72 W, Gregory County, S. Dak.

Climate—Mecan annual rainfall, 14.54 inches; mean annual tem-
perature, 47.2° I,

L 0 to 8 jnches, dark olive-gray hesvy clay, granular and ealeareous.
Ineludes 2 inches of mulch, more filely granular than rest of sample.
The mulch, though loose aud frisble when dry, becotnes very sticky
when wet.

2. 8 to 18 inches, olive-gray clay, very granular laver. Slightly heavier in
texture than horizon 1. Chaleareous.

3. 18 to 40 inches, olive-gray clay. Very compact and prismatic structure,
readily fractured columnne. Slightly heavier in texture than horizons 1
and 2, Calearcous.

4. 40 to 60 inches, light olive-gray clay, no gypsum. Very calcarcous.
Structureless.

5. G0 to 74 inches, light olive-gray clay. Structureless, Very calecareous.
No gypsum crystals,

KEITH BERIES

The surface soil of the Keith series to an average depth of about 12
inches consists of a grayish-brown or dark grayish-brown loose fine-
granular materigl. A slight change to & grayish-brown color and a
heavier texture takes place with depth, and the structure becomes
somewhat compact. This at about 30 inches is abruptly underlain
by a grayish-white or light grayish-yellow friable material. The
carbonates have been largely Jeached out of the upper two horizons,
but the lowest has a high concentration of calcium and other carbon-
ates. The soil is underlain, at a depth of 36 to 48 inches, by parent
material, the floury silt of Peorian loess.

Established in Deuel County, Nehr., 1921,

EEITH BILT LOAM

The Keith series is developed under an average annual rainfall of
less than 20 inches. The soils are definitely in the short-grass prairia
region. A low organic content has resulted in a dark grayish-brown
or chestnut-brown surface layer. The soils have a barely perceptible
compaction in the upper part of their subsoils, The surface drainage
&nd underdrainage are excellent. There is little or no erosion. They
oceupy loess-covered very gentle slopes or flat uplands. The native
grasses are western wheatgrass and grama.

Collector—F, A. Hayes.

Location—1,628 feet north of the southwest corner of sec. 34, T.
14 N, R. 36 W., Dundy County, Nebr.
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Climate—Mean annual rainfall, 16.85 inches; mean annual tem-
perature, 49.9° F.

1. 0 to % inch, grayish-brown structureless silt loam,

2. ¥ to 3% inehen, chestnut-brown laminated gilt loam.

3. 3% to 14 inches, dark grayish-bhrown frinble structureless or mealy silt
loam. Worm and insect borings and casts rather numerous. Material
breaks Into soft clods of irregulnr sizes and shapes.

4. 14 {o 21 inches, upper part of lime zone. Grayish-brown cloddy friable
silt loamn. Limy. arbonates occur in small soft spots, in splotehes,
and as fllmlike ecostings on the surfaces of clods. DBorings very
abundant.

6. 21 to 33 inches, the zone of maximum lime accumulation. Light grayish-
brown structurcless silt loamn. Lime very sbundant, occurring hoth
in disseminated form and as coatings on clods. Material breaks into
irregular-shaped c¢lods which are moderately haord {o crush between
fingers and thumb.

8. 33 to 40 inches, very light grayish-brown atructureless silt. Very limy.
Material breaks into rather definite clods of various sizes and shapes,
but they are softer than in layer above.

7. 40 1o 48 inches, same as layer above, except it hos & floury consistency.
In this horizon very little of the lime {3 wvisible, most of it being in
digseininated form.

8. 48 to 72 incheg, the parent loess. Light grayish-brown floury silt. Limy.

9. 72 to 96 inches, same ag layer above.

HAYS SERIES

In the reconnaissance survey of western Kansas (14) the FHays soils
were designated as members of the SBummit series. Since that time it
has heen necessary to define the Summit series more accurately, and as
a result the Summit soils are now confined to the humid portion of
eastern Kanses and the dark-colored soils farther west, derived from
similar parent materials (Tertiary shale) and ocenpying similar posi-
tions, are designated as Hays soils in Dr. Marbut’s recent revision
of the western Iansas reconnaissance.

The surface soil of the Hays series consists of & brown to dark-
brown sfructureless laoyer about 4 inches thick, This is underlain
by & very dark brown to nearly black, highly grenular layer which
reaches 8 depth of 16 inches. DBeneath the second layer the material
is heavy, rather tough, and fends to break wvertically into irregular
prisms, and these in turn break into angular particles. The angular
particles are derk brown due to a coating of organic matter, but the
interiors are lighter in color. The zone of carbonsate accumulation
begins at a depth of about 30 inches and is about 2 feet in thickness,
It is definitely developed but is not highly concentrated. Below
this is the parent inaterial consisting of more or less completely
decomposed shale, sandstone, -or limestone, from which the Hays
goils are developed. Where the material has woeathered from very
1ﬁne grained shales, it develops into heavy soils, in most places, clay
osms.

These soils are best developed on the smooth upland plains. The
heavy layer thins, softens and, in places, disappears on rolling to
hilly arees,

Because of the smoothness of the plain, the relatively high reinfall,
and the highly productive character of the soil, the area occupied
by these soils, is & great wheat-growing region. Over a large part
of the aren of these soils in Kansss, about 80 percent of the acreage
of cultivated land, is in wheat,

Series established by C. F. Marbut, 1934,

Description furnished by T. D. Rics.
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HAYA BILTY CLAY LOAM

The surface soil of Hays silty clay loam is dark gray or dark brown-
ish gray. Just beneath this layer the subsoil is similar or slightly
lighter in color, of heavier texture, of compact structure, snd ranges
from 2 to 8 inches in thickness. Beneath this layer the subsoil is &
light-brown or yellowish-brown silt loam of mealy consistency and
inable characjer. These soils are developed on level to sharply
rolling land.  Both surface and under drainage are excellent.

The samples of Hays silty cloy loam were collected by R. H. Davis
from the ﬂnsas Agricultural Experiment Station and are deseribed
as follows:

Location~—1 mile south of Hays, Kans,

Climate—Mean annusl minfai‘?:1 22.8 inches; mean annual temper-
ature, 54.3° F.

1. 0 to 10 inches, brown or dark grayish-brown heavy ails loam or silty clay
loam. The material of this horizon, especially at *he lower depth, ia
mixed or splotched with more yellowish-brown materlal which has
been brought up from below, probably by deep tillage. It is of fine-
granular structure. Although only a few lime concretions are in evi-
dence, the soil will efferveses freely with hydrochloide acld. According
te the soil and erosion survey, from 2 to 8 inches of the original sur{ace
soil of this particular soil has been lost by ercslon since the ares has
been in cultivation.

2. 10 to 20 Incheg, Hght-brown or yellowish-brown silty clay loam of granular
strueture, the granules being larger than in the layer above. The
Insides of the granules are lighter in color than the outsides. Lime
coneretions oceur In thiz layer. There are, however, wide local varia-
tions in the depth at which the lime accumulations ocour, and within
8 few feet the depth may vary from 15 to 30 inches. The layers or
veine of lime may be either on a horizonta), an inclined, or, in & few
places, on a vertical plane.

3. 20 to 33 inches, yellowish-brown silty clay loam containing 2 lerge num-
ber of lime coneretions. The material tends to approach a columuar
structure, and blocks break and crush easily.

4. 83 to 47 inches, brownish-yellow or buff-colored silty clay loam which
is high [n lime and similar In structure to the horizon above.

B. 47 to 60 inches, material of similar color and structure as the above layer,
but parts or aplotches of this layer appear to be of finer texture. Lime
concretione are less abundant.

6. 60 to 72 inches, buff-colored material which Is of silghtly coarser texture
than the layer above, of rather silty character. Some fine sand Ia
found in many places at this depth. Lime is present bui not in abun-
dance ag In the above horizon.

PULLMAN BERIES

The surface layer of the Pullman roils is brown or grayish brown
and becomes quite dark when wet, It contains no fres calcium car-
bonate and is moderately supilied with organic matter. The aver-

age thickness of this layer is about 5 inches. The upper part of the
subsoil, which reaches an average deptix of about 24 inches, is dark
chocolate-brown clay, very hard when dry and plastic when wet.
' When moist this material breaks down to a fine-granular condition,
but when dry it breaks into roughly cubieal blocks. The surfaces
of these blocks are slick or vermishliké. The naxt lower layer is a
caleareous clay with a few soft lime concretions. The color is choe-
olate brown or dark reddish brown, the red color incressing with
depth. The upper part of this layer is as compact as the layer above
but the lower part becomes gradually more friable. Below & usua
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depth of 48 inches the material is a red or brownish-red celcareous
clay containing & large number of soft lime concretions. A layer of
carbonate concentration begins at a depth of about 5 feet and has a
thickness of about 2 feet. Usually more than half of the volume
consists of aggregations of soft white lime carbonate and the rest of
the material 18 light-brown calcareous clay. Below this is the parent
material, & light-brown or buff highly calcareous clay and small soft
lime concretions which make up about 15 percent of the volume of
the material.
Mapped in Potter and Randall Counties, Tex., 1929.

PULLMAN BILTY CLAY LOAK

Pullman silty clay loam, formerly known as Amarillo silty clay
loam, is known locally as “High Plains tight land” and occupies
a large proportion of the total ares of the High Plains in the Texas
Panhangle both north and sgouth of the Canadian River. The sur-
face relief is flat to gently sloping. Run-off water collects in inter-
mittent lakes, 2 to 50 feet beﬁ)w the general level. Hence there i
no regional drainage although the internel drainage is good. The
soil-forming material is a friable highly calcarecus reddish-buff clay
containing a considerable amount of soft white or cream-colored
concretions, and is a part of the outwash plain material deposited
by rivers flowing eastward from the Rocky Mountains during the
Cenozoic period.

Collector—E. H. Templin.

Location—1 mile nertheast of Masterson, Nash County, Tex., in
& cut along the Chicago, Rock Island & Gulf Reilway.

Climate—FMean annual rainfall, 20.8 inches; mean annual tempers-
ture, 55.8° F,

1. 0 to 5 inches, silty elay loam which is very dark brown when moist and dark
grayish brown when dry. The material has a slight horizontal ar-
rangement but no well-defined platiness or lamination. It is slightly
hard when dry, friable when moiat, and slightly plastic when wet.

2. 5 to 24 inches, clay which is dark chocolate brown when wet and chocolate
brown when dry. Following frosta or while molst following rains, the
exposed surfaces of this layer assume a very fine granular condition.
However, the unexposed material, regardless of moisture condition,
shows little granulation. When dry the material in this layer contracta
into irregular very hard blocks, 2 or 3 inches in diameter, with uneven
faces and a roughly cubical shape. The surfaces of these blocke are
slick, or varnishlike, and they have characteriatic bumpy or granular
surfaces, indicating a slight development of a granular siructure. The
material is very hard when dry, very compact when raoist, and ver
plastic and mederately sticky when wet. Worm casts are abseni,
ancltpla.nt rootlets largely follow the crevicea between structure frag-
ments.

8. 24 to 48 inches, caleareous clay containing a very few small soft carbonate
of lime concretions. The color is choeolate brown or dark reddish

hrown, the red increasing with depth and merglng with the color of the
layer below. The division between this and the overlyin%l layer 1

placed at the depth of reaction with hydrochlorio acid.  The clay is
very hard when ; very compact when moist, very plastic and moder-
ately sticky when wet, and extremely tough when nearly dry. No well-
defined structure or breakage is evident.

4. 48 to 68 inches, noncaleareous clay with a very few fine soft carbonate
of lime concretiona. The material I8 reddish yellow or dull red when
moist and brownish red when dry. The material is moderately hard
when dry, moderately compact when meist, and moderately plastic

17760°—30——2
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when wet. When dry 1t breaks into:irregular ¢lods about . one-half
inch in diameter. In some places in the lower 4 Inches of this layer,
there is also a faint dark-colored film on'the outsides of the amall clods,
appavently comsisting of organic matter. The material in the lower
‘part of this layer is somewhat tubular, similar to that in the layer helow,
6. 68 to 84 inches, the layer of carbonate concentration. Approximately
G0 percent of the volume consists of roughly spherical aggregations of
lime cnrbonate ranging from one-half ineh to 1% inches in diameter,
These concretions are yellowish white or creamy white, whereas the
- rest of the material is light-brown or reddish-buff highly ¢alcarecus
clay. The material in this layer is slightly hard when drv, friable when
moist, and elightly plastic and slightly sticky when wet. The whole
layer is filled with a netwolrk of open fine tubular channels about 0.01
ineh in diameter and of undetermined Jength. The change to the
underlying parent material is gradual. The heaviest concentration of
carbonate of lime lies between depths of 88 and 74 inches. No gypsum
is apparent in this layer, and no induration has taken plice.
6. 84 to 132 inches -, the parent material of light-brown or reddish-buff
highly ealeareous clay which s frinble when moist and slightly hard
.when dry. About 15 percent of the volume consists of emall soft white
. lime earbonate aggregations about one-half Inch in diameter, "There
seem to be pockets and layers of higher lime earbonate content. Ex-
cept for the variation In carbonate concentration, the material in this
layer iz very uniform.

PECOS SERIES

The Pecos soils have dark-brown to black surface soils with choco-
late-brown or chocolate-red subsoils. Calcium carbonats, gypsum,
and alkali ere all rather abundant in the zoil materinl. The soils
occur in alluvial lands along the Pecos River and are developed over
sediments that have been washed from the Plains deposits and " Red
Beds” by flood waters and have been deposited along the Pecos River.
The reddish color of the subsoils is doubtless the original color of the
“Red Beds’ sediments.

Established in the west-central reconnaissance of Texas, 1922 (13)

PECCH LOAM

The Pecos loam is a heavy, loamy soil covering great areas of the
prairie land represonting the uppermost terrace of the basic deposits
of the Quaternary age. The deposits also extond to the Pecos River
slong its terraces. The virgin soil, to various depths, is of recent
asolion origin. Soils under irrigation have received a fresh deposit
of fine sediment of variable thickness.

The native vegetation consists of grama grass, small scattered
mesqutte, a number of weeds, and a few cacti.

Collectors—C. W. Botkin and W. G. Harper.

Location—Near Carlshad, Eddy County, N. Mex., sec. 21, T. 22 N,
R.27 E.- .

Climgte—Menn annual rainfall 14.07 inches; mean annue! tem-
perature 62.7° I,

A. Virgin soil, not under irrigation.

1. 0 to 9 inches, slightly laminated ealearcous loam. Dark olive brown
with reddish or pinkish tinge. Very slightly firmed or cemented
calecareous loam, a shade darker when moist.

2. 9 to 18 inches, color and structure the same as loam above, many fine plant
roots, worm casts, and larvae, )

8. 1B to 34 inches, same base color as above but containa small fAecks or aoft
nodules of caleium earbonate. The flecks are grayish and the pulverized
goil is grayish and more gray than horizon above. Nodules 1 to 3%
mm in size. Loam, structure same as asbove, many plant roots, and a
few worm casts and larvae.
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4. 3% to 48 inches, differs from horizon above in hzwin%1 fewer calolum
carbonate spota. Iime seems to be more finely divi ed and color is
evenly distributed. 'When wat, the color is light olive brown, when dry,
olive brown with pinkish finge. Flant voots Jess numerous, & few worm
cpgts and larvae. Loam.

5. 48 to 71 inches, zone of highest lime accumulation. Light olivé brown
with slight pink tinge apd containing many grayish splotches and
nodules of enleium carbonate. Bome nodules 1 cm in diameter. Very
few roots or casts, Slightly cemented by enleium carbonate and
probably has a single-grained siructure. I.oam.

6. 71 to 83 inches, transitionat horizon between above and parent material.
No roots or nodules, slight infiltration of caleium carbonate. Light
olive brown with decided reddish tinge. Loam.

7. 83 to 95 inches, light olive-brown, highly calearcous, friable, light lonm.
No caleium carbonate accumulaticus.

B. Soil irrigated since 1806, near A above. Land is in alfalfa, good growth, 2 feet
high at time of eolleetion,

1. O to 0 inches, firm buf friable, calearcous loam. Slightly darker than the
horizon helow.

2. 0 io 18 inches, reddish brown when wet. Olive brown with slight pinkish
or reddish tinge when dry. No darkening due to humus is apparent.
Friahle calearcous loam with somao silicn, no mica. The sandy material
consists of fine and very fine sand.

. 18 to 35 inches, same ag above with some ficeks of CaCOs

35 to 47 inches, same as above.

47 to 53 inches, same but more lime giving grayish cast, pinkish gray.

530toc%i inches, same but with slightly more lime. A few nodules of

1 34

64 to 82 inches, zone of high lime accumulation. Many nodules. Strue-
ture and texture same as above.

82 to 90 inches, transitional zone. Much like parent material but with
gome lime aceumulation.  Very friatsio sandy loam, pinkish gray.

. 90 to 101 inches, parent material, like that above in color and texfure;

some water-worn gravel below this horizon but mixed in loam. TRoots

in all horizons, worin casts less than in A ubove. All very [riable.

© o N eos®

PIMA SERIES

The soils of the Pima series sre of dark-brown or dark grayish-
hyown color, often having & slight reddigh or rich chocolate-brown
tint. 'The subseils are of similar or of lighter snd more grayish colar,
particularly where highly calcareous. Both surface soil and subsoil
are usually well supplied with lime. The subsoil is similar in texture
1o the surface soil or consists of variably textured stratified sediments
without cementation or other alteration in place through leaching or
weathering. The series is developed over recent slluviel deposits
derived from a varisty of rocks and occupies stream-flood plains and
low recent terrnces. The surface is gencrally smooth and level,
Tha soils are Trequiently subject to overflow and are at times otherwise
poorly drained. Accumulation of alkali salts is cormon, but the soils
are, however, quite essily reclaimed by drainage and flooding. The
soils of this series are similar to the Gila soils in origin, mode of forma-
tion, and topography, but are differentinted hy the dark color of the
gurface horizon.

Established in Middle Gila Valley sres, Ariz., 1917 (22).

PIMA CLAY APOEBE

The Pime clay adobe has heen previously described by Nelson and
Holmes (33) as Gila clay adobe. The Pima clay adobe consists of a
ayish-brown to dark-brown, heavy, compact clay varying in depth
rom 6 inches to 4 fect. The subsoil, extending to a depth of 6 feet or

more, is composed of irregularly stratified material varying in texture
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from sand to silty clay loam. The surface soil is usually very heavy
and of compact adobe structure which makes tillage difficult and
geriously interferes with the downward passsge of water although the
underdrainage is good. This is due to the stratified sandy deposits
of river alluvium which form the subsoil. The tight compsact adobe
covering the sandy deposits is found in irregular bodies throughout
the Mesilla Valley wherover conditions favored the deposition of the
finest sediments carried in suspension by floods of the Rio Grande,
The sedimonts are derived from rocks of Tertiary age. Most of the
Boils of the river-flood plain have been modified by wind erosion. Soily

er irrigation have accumulated 2 to § inches of fine sediment from
the irrization waters.

All the samples below were collected from a soil type that is con-
sidered very young and the horizons or changes within the profiles are
not developed as are those in the samples taEen from the Pecos sandy
loam near Carlshed,

The native vegetation consists of cottonwood, mesquite, tomillo,
willow, arrowweed, nnd native grasses.

Collectors—C. W, Botkin and W, G. Harper.

Location—New Mexico Agricultural College Farm near Mesilla
Park, Dona Ana County, N, Mox.

Climate—Mean annuel rainfall, 8.50 inches; mean annual tempera-
ture, 61.2° F.

A. Virginlsoi{, not under eultivation. Tand partly eavered by wild grasses ane
wreds,

1. 0 to © inches, dark chocolate-hrown clay or clay adabe. Highly cal-
carcous. Many plant roots. DBreaks Into irreguiarly shaped, anguler
cleds. Many frregular checks at surface,

- D to 29 inches, same as ahove.

- 28 to 41 inches, lighter in texture and color than abeve. A slity clay,
does nol cheek as nuch g horizons above,

- 41 to 45 inches, clay very n:uch like the surface. Slightly maore reddish.

+ 45 to 49 inches, rich-brown, heavy fine sandy loam, highiy calcareons.

. 48 to 54 inches rich-brown, loamy fine sand with some fine gravel,
Mildiy to mocfemtely calcareous,

. &4 to 84 inches, somewhat stratified fine sands with some gravel, Strain
light brown, grayish brown, and slightly reddish brown, The upper
part effervesces slightly with dilate HCI, fonm visible, In lower part
foam not visible but the action can be heard.

B. Boil under irrigation since 1894, near A above. Land in sugar beets, hag
been in grain, archards, and other erops since establishment of the cxperi-
ment station.

.0 t(()] % inches, dark choeolate-brown, highly caicareons, elay or clay
aclohe.

- 9 to 21 inches, sama ns ahove,

. 21 to 48 inehes, same as thig herizon in A abave.

- 48 to 81 incles, elay much the same a8 horizon 4 in A above.

- &1 to 68 inches, rich-brown fine sand, higher in CaClQ; than harizon helow.

. 58 to 89 inches, loose mildly ealeareous fine sand and sand.

ROUGH BYONY LAND!

Rough stony land consists of steep, rough, and stony areas that
bave no present agricultural value. It inoludes various shallow
solls occupying buttes and the lower slopes of mountains. The
soils are derived almost entirely from anite, gneiss, mica gchist,

and essociated rocks. One of these soils derived from granite wns
teken for oxamination. There are Rumerous outcropping ledges

} Abstracted from the soli survey rapott of the Middls Glla Valley, Arle.(2n),
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and lonse stones. Rock fragments of all sizes are abundant, espe-
cislly aréund the lower slopes of the buttes and mountains.

The vegetation over the greater part of the rough stony land is
sparge and of low grazing value. It consists mainly of cacti of vari-
ous kinds, ¢reosotebush, and several less important plants.

XELVIN BERIESB

The Kelvin soils are immsturs scils derived from granite. They
have not previously been named, therefore the name “Kelvin” is

. tentatively assigned to them for purposes of convenience. There is

& considerable ares of rolling hills of granite a few miles east of Flor-
ence and near Kelvin, Ariz., within which the ssmples were taken.
Although chemical degradation of granite rocks is slow under desert
conditions, it has been sufficient to produce in many places an accu-
mulation of soil to & depth of 8 to 20 inches. The surface soil is
probably in part wind-blown. The vegetation is sparse, consisting
mostly of cacti and yucca. The following profiles were collected by
W. Gi. Harper. _

Climate—Mean annua! rainfall, 10.46 inches; mean annusl tem-
perature, 63.8° F.

EELVIN GRAVELLY LOAM

Location—Sample taken on ridge top 16 miles east of Florencs,
Aiiz., on Kelvin road.

1. 0 to 4 inches, light reddish-brown loarm.
2. 4 to 8 inches, reddish-hrown gritty loam.
8. 8 inches+ , bedrock of granite.

KELYIN BANDY LOAM

Tocation—Sample taken on ridge top 224 miles east of Florence,
Ariz., on Kelvin road (road cut).

¢ to I inch, brown gravelly loam.

to 8 Inches, brown gritty leam or clay loatn.
to 20 inches, light-brown decomposing granite.
0 inches-+, grayish-brown granite,

METHODS OF EXAMINATION

The methods used in the examination of the soils and colloids are
essentially these described by Brown, Rice, and Byers (7). The
mechanicel analyses were made by the pipette method described by
Olmstead, Alexander, and Middleton (35). Included with the
mechanicsl analyses are determinations of organic matter by hydro-
gen peroxide. The method is not precise, and therefore when but
small quantities of organic matter are present with considerable
soluble inorganic matter the organic matter is not reported. The
chemical analyses were made according to the procedure described
by Robinson {89). The organic matter was determined according
to Alexauder and Byers (I). The colloids were extracted from the
soils with the aid of the supercentrifuge, essentially as described by
Brown and Byers (). No agent was used to assist dispersion in
water. An acgaquate amount of colloid was obtained. From 500 to
2,000 g of soil were kneaded to a dplast,ic mass and dispersed by hand
rubbing in 10 gallons of distilled water. Sandy samples were ini-
tislly Eiaparsed with a mechanical stirrer described by Holmes and
Edgington (24). The resulting suspension was centrifuged at a

1.

2,1
3. 8
4, 2
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rate of 17 seconds per liter at s speed of 17,000 revolutions per minute
{diameter of bowl, 4 inches), Very few of the particles remaining
suspended exceeded 0.3p in diameter. The sediment in the centri-
fuge bowl was redispersed in the filtrate from the centrifugate. In
most cages the centrifugate was passed through the centrifuge a
second time before filtration to meke sure no large particles remained
suspended. The resulting colloid was collected on Pasteur-Chamber-
‘land filters. The process was repeated (usually four times) until a
considerable poriion of the totul colioid in the soil was obtained. The
fina] product was air-dried on filter papers pleced on a porous plate.
‘The filter paper was easily stripped {rom the dry colloi(f after it was
moistened. '

The colloids were analyzed by the same methiods employed for the
soils, In caleulating the water of combination the carbon dioxide
content, as well as the organic matter, was subfracted fromn the loss
on jgnition. Other caleulated relations are noted in the tables.
 'The pH values of the soils {(air-dried) were determined by the use
of the hydregen electrode as described by Bailey (6. The approxi-
mete salt content was determined by usc of the electrolytic bridge,
as deseribed by Davis (20},

The water vapor adsorption of the rolloid was determined by the
method described by Robinson {38} and by Middleton (30).

The date are presented in tables for ecach soil examined, together
with & brief discussion of esech table. These tables are followed by
‘s series of tables which present certain data which are derived from
the analytical results.

ANALYTICAL RESULTS
SCOBEY LOAM

The Scobey leam is the most northerly of the group of soils
.examined. A detailed discussion of its morphology and gencsis ia
given by Kellogg (26). The data obtsined by mechanical anlayses
'(table 1) indicate a fairly uniform texturs throughout the profile.
‘The sand fractions total 30 to 40 percent, indicating good under-
draingage in this soil. The two surface horizons contain § fo 10
percent more silt than those below. The clay and colloid content
‘increase until the parent material is reached. While it is apparent
that fine material is removed from the surface soil, relatively little
illuvigtion has occurred. It seems clear that the removal processes
‘hove been wind or water erosion.

TapLe 1.—Mechanicul analyses of Scobey loam !

Medi- Floe | Very

¥Fine | Coarsa| um fine g
sind sund | (605 | OlaF |Coiloid

Szmpia no. Drepth | B ) (.5~ . 01— | 800 (0.005- | {0.002-
: 025 | 21| oos | mm) | 0|0 mm)
IR} )

21,90 5.0
213 18,4
30.4 2.0

3 20.3
4.2
a2

Pereent Percent | Pereent
i1

I § Determlzatichs by H. W, Lakin sad ‘T. M. Bhaw,
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The ehemical anslyses of the whole scil, as shown in table 2, also
indicate that there has been considerable movement of material
from the upper horizoms. The silica decreases with depth in the
profile as the clay content increases the effect of sand and silt on the
chemical composition. The organic matter and the carbonates are
not present in sufficient amounts to conceal this relation. There is
@ change in the profile at & depth of 13 inches owing to the presence
of carbonates. Above this depth the soil is acid, Soluble salts have
collected in the parent material. The percentages of sluming and
of potassium and sodium oxides suggest the presence of o relatively
large amount of undecomposed feldspar. The minor constituents are
quite constant throughout the profile except those associated with
the organic matter. The carbonsate indicsted in horizons 5 and 6
is certainly dolomitic.

TaBLE 2~ Chemical analyses of Scobey (Charbon} loamn 1

Samplomo, | EOt- 8102 | Pex0s [ A1:0s | Mg0 | 00 | K0 | Nneo | wicn

Percent Pereent | Pereent | Percent | Percent | Pervcent | Pereent

. 2.78 i 84 0.82 .43 2.3 1.13 0.48
72 88 N 12 53 .78 L4 212 . A
73,98 . 1241 1.14 . 2106 . H
88 14 . 13.00 . . .58
57, 44 1138 i X . . 48
8. 19 1280 3. 3 . . )

Bolulile
selts

Farle

er

Pereent Pereent Pureent | Percent | Percent | Percent mgﬁon
0.08 & .15 100. 3.80 .00 0.23 420

v 2,40 .08 < 208

.89 .00 <208

1.42 L H3
1,34 7.42 FiLt
.40 0. B2 1,280

WEmMSBm
OO =] O w)

1 Determinations by G. J. Hoogh excopt pH and soluble salts.
1 By combustion mathod (00:X0.471).
1 C0; of the carbonstes.

SCOBEY LOAM COLLOID

The colloid analyses (table 3) show a preater uniformity of com-
position than do those of the whole soil. The effect of larger sized
particles, consisting chiefly of quartz, had been eliminated. The
colleid from each horizon was extracted by identical treatment yet
the quantity of colloid obtained shows considerable variation. 'The
fourth colummn of table 3, and all subsequent tables of colloid analyses,
gives the percentage of colloid obtained with reference to the total
quantity indicated as present by mechanical analyses. The relatively
low calcium oxide ir the fifth and sixth horizons, compsared with the
carbon dioxide present, indicates that oven in the colloid the dis-
persed carbonate is scmewhat dolomitic. Although the colloid
analyses do show e marked degree of uniformity of composition the
relations are soxewhat masked by the variations in carbonate and
organic-matter content. Thus the increase of silica, iron oxide, and
alumine in the third and fourth horizons is more apparent than




16 TECHNICAL BULLETIN 502, U. 8. DEPT. OF AGRICULTURE

real, since the first and second horizons are high in organic matter
and the fifth and sixth are high in carbon dioxide content. For these
and similar reasons the analytical relations are more sharply defined
by the ratios giver. in table 4.

TaprLe 3.—Chemical am:lyésu of Scobey loar;s colloid

Coliold
Hork ps

o0 Bi0s

Sample no.

sgsasﬁg
:assaag
sSRENEs

N

Pereent
0,76
N
.25

1 Determined by eombustion mathod (COs>0.471),
130; of the carbonates.

The derived data (lable 4) clearly indicate the degree of un-iform.ig

of the composition of the inorganic colloid. There is, as is usu

a somewhat higher ratio of milica to sesquioxides and of silica to
alumina in the surface layer. As compared with the second layer, the
difference, though not large, cannot be attributed to the removal of
iron oxide from the surface soil, since in this case the relative quantity
of iron oxide in the surface soil is slightly greater than in the layer
immediately beneath. In the third layer, howsver, is found a faint
indication of podzolization through the somewhat lowered silice-iron
oxide ratio and the change in the iron oxide-elumins ratio. The
differences are so small that dogmatic assertion is not werranted.
One might be inclined to consider the high silica in the suraice layer
to be residual silice from organic ash.

TanLe 4—Derived data; Scobey loam colloid

Molecnlar ratio

BlOs | Fers

AlDy ¢ AliOy

-]

£ 010 o g0 0
XESERY
BERRRE
EERASE
pEE e
SR
fhgngn s age
EaBERE
et e
apnsEg
apgmpnpd
Fgpeeed

1 Carhonates dedusted,
1 Cambippd water plis wter oquivalent of the basey.
1 Oombinad water ping water squivalent of the hases, corrected for organic-matter and carbonats contant.
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The high silica-base ratio of the surface soil, coupled witl its progres-
sive decrense with depth, is normal and is the effect to be expected
from eluviation. It is not, however, to be assumed that the leached
bases are deposited at lower levels; their more probable fate is re-
moval by surface drainage. The increased base content at lower
levils is rather to be taken as partly owing to decreased weathering.
This is also in harmony with the increased silica-sesquioxide and
stlica-nlumina ratios at lower levels.

The silica-water ratios and the combined-water percentages offer
qualitative evidence that removal of bases is accompanied by replace-
ment by water. The combined water of the seil acad (p. 16) is about
1 percent, greater in the surfaca layer than in the remsinder of the
profile. It has already been mentioned that this quantity is par-
ticularly subject to inaccuracy of calculation when the organic con-
tent is high. .

The derived data of the profile, despite the variations mentioned,
show a degree of uniformity of eomposition which is scarcely to have
been expected except that there exists & colloid complex of definite
composition and ene perhaps dominated by the presence of a single
substance.

SPEARFISH 8117 LOAM

The Triassic shales are exposed in & narrow Lelt around the Black

Hills of South Dakota. These shales are brilliantly red. The Spear-
fish soil is developed on these typically red shales which have not been
greatly modified by weathering since their exposure. 1t is the only
red soil in the group discussed in this bulletin. The climatic condi-
tions are such ns do not naturally produce red soils. The color is
tharefore due to the parent material.
_ The data obteined by mechanical analyses arec shown in table 5.
In marked contrast with the Scobey, the sands, except at the surface
horizon, scarcely exceed 5 pereent which indicates poor underdrain-
age. The permeability, however, is favored by the flocculation of
celloid effected by the high ealeium content of the soil and colloid
(tables 6 and 7). The distribution of clay and colloid in this profile is
quite unusual. The relations indicate that the profile has been com-
paratively undisturbed, except af the surface, since the original depo-
sition of these water-laid shales.

Tanve f.——Mechanical analyses of Spearfish stll toam 1
! P afuae
) Fina | Coonrse | um

Barl- Depth gravel | sand soad

Very

Fina . Or-
fleme .

and | sund | (0.0 Getoid| wanie
21 | (005 | (0.5- | @5 102 | b . (00020} mntter
mm) | mm) | 025 u.1 0.5 mmj) by
mm) J{T}438] H0s

\
Bawnple no. e

mm}

Inches | Pereent | Percent | Percent | Pereant| Pereent Pereent | Percent
1 12 .2 t.4 3.6 7.0 15,2 . 3.4 2.3 5
Z) 013 . ! . .9 4.4 3. 5 w0 N
|25z - .7 . 1.0 4. . aa. ML b W1
4 A00-72 o W . .4 4 . a5, Hi ] ]

t Dreterminatlonyg by H. W, Lakin nuad 'F. M. Shaw.
1A porticn of the proftle graftted.




18 TECHNICAL BULLETIN §02, U. 8. DEPT. OF AGRICULTURE

Although the chemical analyses of the soil {table 6) are profoundly
affected by the high percentage of dolomitic limestone the general
relationships are not completeliy obscure. A diflerence of sbout 20
percent in silice reflects the higher percentsge of sands in horizon P
over those below which are much alike. The sesquioxides and potash
increase with depth in the profile. In the face of a decreasing amount
of colloid {table 5) in the lower horizons this fact indicates thut these
componenfs sre removed to some extent by eluvialion from the
comparatively more weathered surfece layers. Also, the more
solableproducts of weathering and those present In the parent material
have been removed from the upper horizons although the carbonates
have not. The presence of sulphates and carbonates in considerable
quantities, together with the presence of large soluble salt content
in the parent material, indicates that the pH wvalue of the fourth
leyor is the resultant effect of the presence of earbonates and of
gypsum.

TaeLs 6.—Chemical analyses of Spearfish silt lnam !

Sample ho. Horleon] Deptls § Bl0: | Fesly | AlyO: | 320 | Cal | K0 | NaD | Ty

Inehes | Percent| Percent Hereent ; Percent | Pereent] Percent| Pereent
12 687 3.4 3 L [ 3.42 1] 0. 44 &
12-2 46, 53 380 3 .25 12.08 3.5 .18 54
P42 1 47.4D L2 . .45 B.&7 3.7 .22 )
A7 A4 04 421 . 747 10, 15 4.6 -] .50

}
tpnition| .. Organie, . Seluhie
Pys | 8Os Toss mutiers; 02 N rH salls

Parlx

y
Perceal| Pereent| Percent | Percent | Pereent | Percend mﬁ;im:
5 .14 i 3.3 A 0.2

[ 8.4 | 10010 4.8 . . M)
W11 I3 LR |60 4T LB 13.00 . . AL
W1l OB | 14,08 { w5l L) 1240 . 3 R
20 13.38 | 10013 Lo | 1089 i 8 jERJ]

¥ Determinntions by Glen Fdelmeion excepl pll and soluble suls,
3 A portice of the pratiie smibited.

t By combustion melhod {COXL471).

4+ CO; of tie curbonetes.

If the necessary ullowanees be made for the presence of organic
matter and for assumed presence of dolomite, the residual percentages
of magnesia become 0.8, 0.4, 2.5, and 3.9, while for calcium oxide
they are 1.9, 6.3, 2.5, and 0.8. These guantities sre reascnably
clese to normal for soils of this type free from carbonates. It seems
apparent therefore that the carbonates are highly dolomitic. Low
sodinum cxide threughout the profile us compsred with the potnsh
prescnt suzeests the presence of potash rather than sodium feldspars.
This is conlirmed by petrogrephic examination of the separates.

The colioid analyses (table 7) indicaie an apparently striking diver-
sity of compousition, even when allowance is made for tlie presence
of carbonates and organic matier. Alumina, magnesia, and potash
have been removed from the surface layer to some extent but have
not been nceumnulated at lower levels. There is no definite evidence
whether or not the dispersed carbonates smre dolomitic. Presumably
shey sre not.  The exceptionally bigh imnngnesium content, particular-
ty at lower levels, together with the low content of carbon dioxide,
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mey be tiken to indicate that the greater portion of the magnesinm
is not only not associated with carbon dioxide, but that it is & portion
of unweathered or but partially weathered silicate minerals. (See
also discussion of table 8.) Petrographic examination shows the
presence in the sands of abundant micas, particularly biotite, and
minor gquantities of garnet, hornblende, pyroxene, and chlorite.
This may not be & genersl characteristic of Spearfish shales, for
Richardson (37) Lias reported very smsll smounts of magnesia-bearing
minerals in Spearfish shules from New Castle nud Spearfish, S. Dak.

Tasue 7—Chemical analyses of Spearfish silt vam colloid

Coliold
Samyde 1o, Fiorizoa] Deplh exl.racl- 810 | Pei0y | ALOy | Mg0 | Cud KO
o

Pereent! Pereent! Percent® Dercent] Percent| Percent ) Percent
35| 45.24 .46 408 ¥ 235
43 43. 45 8. 38 L 2 8 48 2. 41 407
§0 | 4400 B, 30 LT ). 53 .81 443
53 i 15 6. 39 ., b 10, 3¢ A8 4.0

P10s tenitlom gy | OrEuBle) o0y

Pcrcm!l Pereenty Pereent | Percent | Percent
02h 0.27 4.2 99,44 1.54
el = B.22 . 9.2 . 1.42
L Bo © 100G 02 . 3T

. 7.
Pt . 7.50 ¢t Uy ] . .24

i A portion of the profiie omnlited.
1 Determnined by combnstlon method (CO0.471),
# Q0y of the curbonates.

The derived data (table 8) show in a very definite msnner the
essentially constant composition of the inorganic portion of the
colloid. The surface horizon has & somewhat higher silica-sesquicxide
and silice-slumina ratio than is found at lower levels but it may be
noted that the differences are less sharp than in the Scobey colloid
{table 4). This accords with the suspicion that the high silica is
pertly due to plant residual silica. Both the silica-sesquioxide and
silica-alumine ratios of the profile are low. Indeed they are lower
than any other of the 13 profiles considered in the present diseussion.
There may be discerned two possible reasons for this fact. The
iron oxide is apparently not s part of the silicate complex. This is
assumed not only because of the color of the parent shale but is
indicated also by the cxceeding constancy of the silice-iron oxide
and iron oxide-alumina ratios. If the colioid he heated to sbout
900° C. from 1 to 2 hours the color fades to a light buff. The low
silica~almmina ratios appear 1o be owing to the presence in the colloid
of exceptionally high magnesium oxide in the silicate complex. In
the light of the data submitted by Robinson, Edgington, and Byers
(40) with reference to the soils derived from rocks high in magnesia
the Spearfish should be sn infertile soil, if infertility be due to adverse
calcium-magnesium  ratios, The available dats do not warrant
positive assertion of low productivity of this soil since little of it is
used agriculturally,
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TavLe 8.—Derived date: Spearfish sill lonm colloid

Molecular ratio Eiumé
s b Com- ne
Hori- , wiler
-Bemple no. Demth bined
zan §10s | Si0y | 8i0: | Fes0 | B0 | 5105 | water | OfLhO
Feg0z.AL:Oa) Feg0s | AROg | Al t;lng:sgll .01 acid ?
Incher Pereent| Pereent
B-1086 _______._ 1 0-12 2.84 18.73 3.35 0. 178 4. 50 1.3 .83 10.79
B-1087.... - 2] 12 2045 1862 400 . 164 2,42 LM 6,04 12, 0L
B-1088... 3 |128-42 259 18. 53 4.01 162 220 1.06 0.68 12. 63
B-1088 ... 4 | 46072 2.58 18. 5% 2.07 . 160 2.2 .07 0. 57 12.33
t Carbonates dedooled.

t Combined water plus water eguivalent af the bases.
¥ Combined water pius water equivalent of the bnses, correried {or organic-matter end caronale conient.
¢ A portlon of the profile omiited.

It is probably beeause the greater part of the magnesium is asso-
ciated with the silicate complex, namely, as a portion of the acid
radical, that the silica-hase rafic is so low, particularly in the lower
strata, and the combined water of the soil acid is so exceptionally
high in the lower strata.

his soil is exceptionally immatore in its profile development, in
the morphological sense, even for semiarid soils, yet its colloid content
indicates a considerable degree of weathering. A very considerable
part of this weathering has doubtless occurred hefore the parent for-
mation was laid down and for this reason the influence of parent ma-
terial on the soil characteristics is more marked than in any of the
soils examined 1n this investigation. Richardson (37) has asserted
that the “ Red Beds” of the Black Hills were largely derived from a
well-weathered residusl red soil previous to deposition.

BADLANDS SILT LOAM

This materinl was selected for study partly by reason of its peculiar
origin and location and partly because it appeared to offer a striking
contrast with the Spearfish soil which lies only about 50 miles to the
northwest and the Pierre loam which lies to the west, north, and east
of the Badlands. The profile samples were taken from a smull flat-
topped butte about 20 feet in height. This soil, like the Spearfish,
is comparatively immature.

The mechanical analyses (table 9) indicate in this profile & greater
degree of permeability to water than is rormal for the Brule clay and

erhaps accounts in part for the existence of the buite. The top
ayer of loose material is only ebout an inch in thickness and the
organi matter in it consists largely of grass roots. There is evidence
of some accumulation of colloid in the third layer and this probably
marks the zone of maximum mean penetration of water (cf. table 10).
The surface layer is obvicusly freed in part from the finer material,
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‘Tapre O.—Mechonical analyses of Bedlends silt loam !

'Fingl Fincai (gigt

Erav Bar. L0
Bample wo. (2-1 , (0,25~ , C.005
mm} | mm) 5 0.lmm

Collold
(0.002-0

Pereent Pereent
0.2 N 3.3
.1 . - 0

1
2
3 | 12-30 .1 . L9
4 1] . 5

1 Dpterm|nations by H. W, Lakin and T. M. Bhaw.
* 42 inches of the profila pmitted.
¥ Orpasie metier not io excess of 0.4 percent.

TasLE 10.—Chemical analyses of Badlands silt logm !

Bamplono. | 107 | Dopth | B10x | FerO: | AkO: | MgO | OO | KiO

Inchen | Pereent| Peveent | Percent | Percent | Percend
-1 7L50 2.42 | 150 0.4 a7
1-12 | 7242 271 1248 R ] 2,48

12-30 | 63-79 278 1213 1.43 8.7

17234 | 638 | L850 1125 1.10 %62

Oreanic
Paly 1 matter 3

Percent Pereent
0.18 X . B 0.77
4 . X - .68

.18 . X . 5.58

.16 ) L 1 . 41

t Detarminatlons by Glon Edgington excent pH and soluble salts.
1 A portion of the profile omitted.

1 By combustion methed {00; x 0.471),

& QO of the carbonutes.

The transfer of finer material to lower levels is also indicated by the
soil analyses. When correction for organic matter and carbonates
is made the silica percentages for the profile are 75.00, 75.00, 70.20,
and 74.50. The increase of finer material in the third horizon signifi-
cantly lowers the silica content. A study of the data on the car-
bonates indicates little or no dolomitic material but reveals a definite
zone of carbonate accumulation in the third horizen. The constancy
of the sodium and potassium content throughout the profile indicates
& low degree of weathering of the feldspars. The values and the
goluble salt content indicate leaching of soluble salts from the upper
portion of the profile but no accumulation of gypsum within it.

The analytical data for the soil colloid (table 11) offer but few
oints for consideration which are not better brought out by the
enived data. The usual decrease in organic matter with depth ia

observed. The carbonate present in the soil suffers dispersion to &
large extent and is sharply increased in the zone of carbonate
accumulation,
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TansLe 11.—Chemical analyses of Badlands silt loam and bentonite collotds

Cotlold
Bample no. Horlzon| Depth |extract-] ElOs | FeaOs | A)30s | MgOD 0

Inchea Precent | Peregnt Perecnt
01 33| B4t 6.14 | 1608 3
1-12 ) 500
12-30 i 6,07

172-84 bl

Tgnition
loss

MpO

Pereent | Percenl Percent
0.15 0.30 Q.20
L0 .18
18 .22
7 .3
09 .04

1 42 juehos of tha profile omitted.
2 Bentoxnita, )

3 Determinnd hgnmmbustlon meihed (0050471},
4 COg of the carbonatas.

The exceptionally high silica content of the colloid and the fact that
the Brule clay is presumed to be high in bentonite content and
volcanic ash (19, 34), seemed to warrant s comparison of this colloid
with a colloid from bentonite. The sample of colloid was extracted
from & bentonite from near Belle Fourche, S. Dak., The analysis of
this colloid is given in the last line of table 11,

The characteristic sweﬂjnijxf)f bentonite is not shown by the soil
colloid. The most marked differences between the hentonite colloid
shown by the analyses are in the base content and loss on ignition.
Apparently the bentonite has been weathered from material high in
sod]:a. feldspars while the soil colloid is derived from material high in
potash. Petrographic examination of the soil separates reveals the
presence of a high percentage of calcium and potash feldspars. It
would appear that the differences in the physical behavior of the soil
and bentomite colloids are dus to the diflerences in bases present.

The derived data (table 12) show the usual relationships of the
Pedoceal colloids but in degrees markedly different from the soils which
are closely related geographically. The silica-sesquioxide and
silica-alumine retios are higher than in any of the colloids of the
present series or, indeed, of any scil colloids except one reported by
Williams (43, 44) on 2 clay. The colloid of the Badlands is neearly
white when free from organic matier and hence the iron oxide present
must be regarded as s part of thesilicate complex, In consequence the -
composition of the hypothetical colloid acid (ses general discussion)
is better indicated by the silica-sesquioxide than by the silica-alutnins
ratio. Nevertheless, the ratio (silice-sesquioxide) is above 4 through-
out the horizon. If any soil colloid in the present list may be assumed
to contain a montmorillonitic acid complex, this is 1t. In view. .
however, of the possible presence in the colloid of free silica of colloidal _
dimension and of feldspathic material but little hydrolyzed, such
essumption is not warranted. These statements also are valid with
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yeference to the bentonite colloid. The silica-total base ratios are’
fairly low for the soil colloid, and the higher ratio for the bentonite
indicates the preaier degree of leaching of the latter. The fact that
the silica-water ratio is%ighest i the bentonite colloid and the sur-
face layer of the soil may be assumed as indication of dehydration to
eater degree as bases are replaced. This relation is also, of course,
indicated by the values for the combined water of the soil acid.

TasLE 12.—Derived data: Badlands stil loam and bentonile colloids

Melecular ratlo

810s 5101 | Fesu
FeaOy 4lalhy Al:Dqy { AliOy

1 Qarbonates deducted,

1 Combload water pius water equivalent of the bases.

1 Combined water plus water squivalent of the bases, corrected for organl tter and cark
442 Inches of the profile cmittsd.

1 Bentonite.

P1ERRE CLAY

The Pierre clay is developed from Pierre shale (Cretaceous). The
goil is of wide distribution in the areas adjacent to the Black Hills
and reaches as far sast as the Missouri River in South Dakota, The

articuiar profile here reported is on the eastern edge of the soil ares.

t was selected because it is the soil in which the presence of selenium
was first recognized as producing toxic vegetation. The quantities of
selenium found in this profile are added to table 14. 'The soil is also
of interest because in addition to sefenium it contains arsenie, chro-
mium, and vanadium. The quantities of these elements in a portion
of a similar profile reported by Byers (9) sre: Se, 2 p. p. m.; As,Oy,
12 p. p. m.; V,Q;, 465 p. p. m.; and CryOg, 133 p. p. m.  The whole
area of soils derived from the Pierre and Niobrars shales appears to
contain selenium in varying quantities and to produce vegetation
containing selenium (10).

The mechanical analyses of the Pierre clay (table 13) correspond
to its field behavior, ‘This soil is remarkably constant in composition
and impervious to water. Nearly all the clay content is of colloidal
character. There was but little of the parent shale present in the
lowest layer of the profile as collected. The analyses of the sur-
face layer indicates the removel of some of the finer material but no
deposition atJower levels. The soil, though very dark at the surface, is
nearly white after treatment with hydrogen peroxide. In some
portions of the Pierre arcas there are greater quantities of coarse
material than are shown in the profile examined. This coarse mate-
risl is in some places clearly derived from layers of the Pierre shale
and in other places from residual fragments of glacial drift. This
goil is locally known as “gumbo’ nnd has a high shrinkage coefficient.
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The cracks developed on drying doubtless facilitate the swrface
erosion which is very spparent cver the whole area, The fineness of
the soil and the excessive dry periods in the ares salso facilitate wind
erosion.

TasLe 13.—Mechanical analyses of Pierre clay!

Me- Flne | vOI¥
I-‘Ingl Conrjo dlun; sand ﬂn?l glit Qlay ?1’3‘1!-
ETaw F:14) j[1i7} SR {5~ 4,
Sample no. Dopthl "™ [ G0 | - | 02 1 03- Do %051 002
mm} | mm} rg.;if} oo ::)05) Em} 0 mm}
; 1}433

Percent ( Percent | Percent [ Percent | Percent | Pereent | Pereent | Percent

4.3 9.8 (i34 0.5 L§ 20.8 63.0 57.
) .1 L1 1.4 2.4
] 0 ) . 1.4 231
[¢] g 13 . 18 20. 5
|1} W1 .1 . 1.8 18.

! Petertainations by 1I. W. Lakin nnd 1", M. Bhaw,
t Orgente matter not present in excess of 0.4 percent.

The chemical analyses (table 14), like the mechanical analyses
(table 13), indicate & soil of remarkably constant composition par-
ticularly 8o in the silics, alumins, und iron oxide content if allow-ince
be made for variation in organic matter, carbonates, and sulphates,
Celcium carbonate is present throughout the profile but shows evi-
dence of accumulation between 18 and 60 inches. There is but
slight evidence of the presence of dolomitic material. The pH
values are normal for carbonate soils except in the lowest horizon,
where it would appear that the Fresence of gypsum should lower the
pH value. In the general run of the Pierre soils the zone of sulphate
accumnulation is nearer the surface than in the present profile (16},
1t msy be remarked that while the zone of carbonate accumulation
may be regarded as marking the maximum mean penetration of
water, the zone of sulphate accumulation marks the maximum depth
of penetration of moisture,

TasLe 14.—Chemical analyses of Pierre clay !

Bazrele . Iig:f' Depth | 810y | Fey0q | ALOy | Mg | Cad KO | Na;0

t (Percent Pereent | Percent | Percent | Parcent
B8 L 5 1. 44 L 1.3 0. 50
16.84 .75
18. 17 1.0y
172,20 .02

U8

Creanle| Soluile
matierd xuity

Parts
per

Pereent willion
4,05 0.3 . Eiv
258 L . ol
157 37 . 78U
.iH 3 . 3 1,240
.82 . . 9, 80G

 Determimations by Gl J. Hough excent 83 and solublo salts and selenium.
¥ Determined by combustion inethed f’c X 0ATL). . .
¥ GOy of the enrbonytes, $ Dietecmloations by K. 1, Williama,
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The chemical analyses of the colloid (table 15) also indicate the
strikingly uniform character of the colloid. Indeed the only differ-
ences of any magnitude ave the grester dispersibility of the calcium
carbonate in horizon 8 as compared with the smaller degree of dis-
persion of the whole colloid. The relstive phosphate dispersion is
also greatest, in horizon 6. 'This portion of the soil contains gypsum,
which of course is not present in the colloid {table 14). The organic
matter also seems to be niore reedily dispersible with increased depth.

TapLE 15 —Chemical enalyses of Pierre clay collotd

Hork GCol-
8ample no. el Dopth |loldex-1 810y | Ferl: | AbDh | Mgl KO
tracted

Intehes [Pereent 1Pereent | Percent Percent |Frreent | Percent

0-8 44| 43.50 T 2. 28 (] 214
42| 4.0
Q| 4471

i5) &5.00
33| 43.00

PiO: | 80 matter1

Pereent | Percent | Percant Pereent | Pereent
0.08 033 017 15,86 3.03
) AT ] X 2,68
] B L1 2. . IR
.08 .63 W) 1267 X 1.38
4 .84 L6 | 13,88 X 1,28

i Determined by combuation method {COyX0.471). ¥ 00y of the carbonates.

The constancy of composition of the colloid throughout the pro-
file, as shown by the derived data (table 16), is so exceptional that
clear evidence of soil profile-forming agencies is nearly impossible to
detect. It seems apparent that the decrease of fine material shown
in teble 13 has not increased the silica content of the up}fmr portion
of the profile. The small difference in silica-base ratios of the upper
portion of the profile as compared with the lower portion mey be con-
sidered as associsted with the greater organic content of the upper
portion. The steadily increasing values of the silica-water ratios and
the decreasing values of the combined water of the soil acid may be
inferred to mesn that hydrolysis of the Earant materisl minersls is
Eraatrer in the upper portion. If this is the case then substitution of

ases for hydrogen has occurred subsequent to hydrolysis. The
?hsii-lacter) of the soil solution would seem to warrant this assumption

table 14).

17756%—36——4b
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TaBLE 18.—Derived duta: Pierre clay colloid

Molecular ratio
Com-

hined
Batmple no, woter of
810, BiGs | FeaaOy | /=2 the sall

FesOa. 21104} Foj ALO; | ALiGy : ocld!

Percent
6.7
o,

2 .

! Carbonates deducted, 1 Combined water plus water squivalont of the bases.
¥ Combinsd water plus water aqulvalent of the bases, corrected for organic-matter and carbonnte content.

EKEITH BILT LOAM

The profile of the Keith silt loam included in this bulletin was
reported on in a previous paper (7). It is here included, with added
data, because of its geographical relation to the other soils under
discussion. It is derived from loessial parent material under nearly
the same rainfall as the other soils,

The mechanical analyses (table 17) indicate a fairly permesble soil
and a small concentration of clay and colloid in the layers 3, 4, and 5.
The greater concentration of sand and of silt in the upper portion
(0-3 )'Z,rinches) may in part be due to removal of fine material by wind
and water erosion, Indeed it may be assumed that the dust-mulch
layer will vary considerably from one dust storm to snother.

TaABLE 17.-—Mechanical analyses of Keith silt loam !

Me- Yery o

Fino | Coarse Fing Bllt
Depty | gravel | sand diuﬁ: sand ﬂma (0,05~ Dcoluay %‘g&g‘d
PR T | (o |80 060 o800 | o005 [(Q.0050|(0.002.0
mm} | mat) hm;} mm) mm) mm}

0222, ol
. T

oy J—

Tiches | Percent| Percent| Percent| Percent | Percent | Percent| Perceni
g - ¥ ol 0. [ B 9, 2| 474 18.4
.1 248
20. 4
.8
2.9
2.8
212
18.3
17.6

EE

.1 .

! . [
1 . .1
.1
i

¢

T e D
122300 2 b3 B2 B th i
NI P Y

GEaEREEsg
BB =l 13 £ RS

8230, ...un

1 Determinations by H, W, Lakin and 7. M, Show,
t Organlc matier not presont In excess of 0.4 parcont.

The chemical analyses of the soil (table 18) indicate & zone of
carbonate accumulation st & dopth between 21 and 48 inches but
probably not sufficient in amount to account for the removal from
the surface horizons. The high percentages of potash and of sodium
oxide indicate the presence of much undecomposed faldspars and
8 low degree of weathering. 'The relatively large concentration of
soluble sslts in the lower portion of the profile indicates very little, if
any, percolation of water through the profile. There is but little
evidence of the presence of dolomitic limestone. The chemical
composition of the whole profile is very constant except in the respects
menticned.
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‘Tasre 18.—Chemical analyses of Keith 3ilt loam !

]
=)

Bamaple no. Horizon #8101 | Ferlh | ALOy | MgO | Oa0

§
F
E]

Fercent

o
=3
e

Pereent

3

el

i
EEERBER

$eS R mpIEa LS
LEBRERBER
rrrrrrﬁrﬁg

P
BRAEIREES

a8JRERFELE
2

RO T D O e B3 1
Ll plaad ol ot ol bl d

0D
1=

Bamp!s no. ]'{_:;:'"

Q
e
Z
o
34

Pereent

Pereent Percent | Percent
002 1 4 g

0,16
4. 55 .

&:]
. o8
]

CEERBEE8E

14
am| s
an|
; s

MRRW,
0090 PO B0 PO
O OO e £ BT O i

e

3 Determinations (excopt pH and soluble salts) by 1. G. Bmlth,
¥ Q04 of the carbonates.
* Datermined by bridge method,

The colloid composition (table 19) emphssizes the constancy of
composition shown otherwise in the soil. Whatever movements of
the colloid have occurred have not been sccompanied by fractionsa-
tion. The most marked variations are in the content of organic
matter and of carbonstes.

TasLs 19.—~Chemical analyses of Keith sill loam eolloid

Collaid in

Anmpla no, Herlzanj Depth nxtél;inct- BICs | FeaOy | Al:Oa | MgC K:O

Fereent | Pereent | Pereent | Percent | Percent Poreent
44 | 51,02 6.921 14.13 3.00 242

). 45 6. 02 L 28 241

51, 80 7.1 233

£1. 00 .

47, B0

ppope
gy

-

D 00 =k O O i O3 b1
waolan
BINEEE

o
=]
"~

TiO 50y |fEltlon

3
g
3

Pereent Pereent | Pereent | Perceni
0.68 0. 18 0. 20 0.28 106. 60
300. 45

e

TERHYRES

phm e,
£
2

 Determined by combustion method {COix0.471), # 00y of the carbonntes.
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‘The derived data {table 20), as is ususl, bring into clear relief the
degree of variation of the composition of the inorganic colloid. The
greater silica-sesquioxide and silica-aluming ratios of the topmost two
E:aers so notably absent in the Pierre clay colloid, are indicative of
colloidal silica, but if it is present the quantity is small, The silica-
total base rstio indicetes & small degree of eluviation. Teken 8s &
whole, all the dais, and particularly the silica-water ratios, the com-
bined water, and the combined water of the soil acid, indicate an
inorganic eolloid of constant composition (sse general discussion).

TasLe 20.—Derived data: Keith silt loam colloid

Modeeolae eatlo

Bemple no. 810y

8i0: | Fes0y | 1M
egOs Al

FhOy | AROs | roial

|

Tuches Pereent
8.07

00 2 R T B BT
O e b B LY
Daninyar2

P 1 et
:“ﬂﬁﬁmt‘.ﬂg&
-

Y et et
Eegtprget 2]

t Corbonglos dedueied.
* Comblued water pius waler wipglvelent of Lhe Duses,
1 Comblood water ples waler equivadont of bases, correstot for organfe-tnntter andd earlicoate conient.

HAYS SILTY CLAY LiAM

The date on this profile are taken for the most part from Technical
Bulietin 316 (87). In this bulletin it is described under the name of
Colby silty clay lcam. It lies close to the western border of the
Chernozem belt of soils. It is included in the present series Lecause
of the intermediate position it occupies between the northerly and
southerly membaors.

The mechanical analyses (table 21} indicate r soil fairly permeable
to water. 'The coarse miaterial in the surface horizen as well as the
inerensed eontent of clay at lower levels indicete some Huvistion and
the general informnation in Technical Bulletin 316 (37} indicates
surfece removal of fine material by wind and water erosion.

Tanne 21.—~Mechaniew! anedyses of Hays silly clay lvam

i . Modi | o '\f';or,\' sl
na | Coarss| win ny

Hiitied Cioy | Colloid

Bamply o, Dopth | RV fuud | nd ) op | sead ¢ OS5 1 0.00n-0) (0.002-0

i) min) 0,26 n?l']!‘) 1N mah ) mim}

i) 1)

Laicher | Percent | Percent| Percant| Percent | Perorn? | Percent | Percent
.2 1.4 i4 At 24 46, & d4. ¢

L4 wa| 23| 3o
iLo 47.0 8.7
i0. 5 47,

8.3
11,4

13
[EE=0 -tk

ERp,

({372

t Data from Tochaolenl Dellotia 316 (82, g 10), Calby silby oluy lomn,  Orgonlo molier not determined.
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The chemical snalyses (table 22) indicate considersble surface
Jeaching through the high percentage of silica in the surface horizon
but no marked evidence of colloid accumulation at lower levels.
The calcium oxide and carbon dioxide percentages indicate calcium
carbonate present throughout the profile with no sharply marked
zone of carbonate accumulation. The pH values are those normal
for soila containing calcium carbonate. The soluble salts vary but
slightly throughout. The organic matter in quantity and distribu-
tion is in no way abnormal for soils of the type.

TapLE 22 —Chemical analyses of Hays silty clay loom soil!

Bompleno, | Dgr° 803 | FesOs | AbOs | Meo | Ce0 | K0 | NasO

Percent | Percent| Percend | Pereent | Percent Pereent
68, 50 3.452{ 1L . 4.30 0.98

62.92 240 1155 . &2
50.78 2.4 | 1100 . 10. 54
59. 30 2641 135 . 11.08
B, 50 04 1235 .2 10.00
GL 20 2.52 | 1008 . 10. 80

1ptition Organic
loss Total matier? 00,1

By

mittion

Pereent | Percend | Pereent | Fercend | Pereenl
0.1 8,49 282 2 1,180

100,17 .82 R .3

0.63 | 00.BG . . 4

10.75 | 00,58 K] . - . b 920

10.30 | 100.02 B . - ] 950
8,00 | 100,07 . i B =] 900
4. 53 1 100. 41 . T - .5 1, 000

) Trata from Techaical Bullatin 316 (31, pp. 10 and 20}, Colby silty elay loam excopt goluhle salts.
1 By combustion method (COs X 0.471). 2 0Oz of the carbonated, + Determined by the bridge mathod.

The colloid analyses (table 23) show the usual relations of the soils
of the semiarid ares. The distribution of the carbonates throughout
the profile in the soil repeats itself in the colloid, except that the zone
of carbonate concentration is not defined in the dispersed material.
The usual excess of silice content of the surface layer over thai of the
horizons immediately beneath is present, though it is very small.

T awLE 23 —Chemical analyses of Hays silly clay loam colloid !

Hori- Coi]n_)Itl .
Sample no. 200 Depth ex: 8109 | FesQy | AliDy | MgQ Cn0
tracied

o

Pereent | Percent | Percenf Pereent | P
43 [ 4051 7. 18
5% [ 46,05 G.78
655 | 4860 4. 0f
L7 | 4B.00 N
52 | 40,00 X
41| 47.20

e

[adnb bl
BEERERY

: Ienltion Crgonic
TiQs Blh loss utlord

FPercent | Percent Percent | Percent
0. 23 .52 011 0.15 0. 14 13,41

1225

17
.20
T

3

24

1 Data taken from Technical Bullatin 310 (Jf,cpc?, P7-£8), Colby silty clay loam.
1 Determined by wombustion methed (COs X 0471 3 COy of the carbonates.
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The essentiel uniformity of the inorganic cclloid is still more
shn?ly defined by the derived data (table 24). The uniformity of
the formula-weight ratios, especially to & depth of 33 inches, is so
striking as to make it evident that this inorganic colloid is constant
in composition. The slight excess of bases in the horizon may be
safely attributed to the presence of undecomposed, or partially
unhydrolyzed material.

TasLE 24— Derived dota: Haye silly cley loam colloid

Muoleculur ratio

E1Qy Bi0y
FeaOar £1:0y | Fes0a

o
e

|

o
2

18.47
18. 55
20.32
19.39
1817

AR
2BR58E

1 Qarbonates deducted.
1 Combined water plus water equivalent of the bases.
1 Combined water plua water eguivalent of the hases, corrected for organic-matter and carbonate content,

PULLMAN SILTY CLAY LOAM

The data cn the Pullman silty elay loam: profile here discussed are
taken, with some additions, from Technical Bulletin 228 (3, p. 8).
It is there described as a southern Chernozem. It is included here
to complete a series of soils developed under deficient rainfall and
incressing mean annual temperature. This soil is of particular
interest eince it 18 developed from cutwash material at successive
stages and shows the presence of a buried soil. It appears that the
colloid composition is markedly affected by the parent material.

The mechanical analyses (table 25) show the presence of less than
20 percent material coarser than silt. The soil may therefore be
considered only moderately permeable by water. There is fairly
distinct evidence of colloid accumulation in the second and third
horizons. The evidence of removal of colloid by wind or water erosion
from the surface is still more marked.

TasLe 25— Mechanieal anclyses of Pullman silty cloy loem ?

Medl.
um

Ciny | Collold

e | o : ) ,005-01(0,002-0
0.55 X y mm)

mm;

i

Parcent
[ &7 I—— 0.3
4875 e

EREARE
[\ -1 11

1 Dats from Technleal Bullstin 228 {8, p. 5}, Amarills sty clay
L l.nclrl.clldm sointion joss of lnnrpnh'; mattar,
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The variations shown by the chemical analyses of the soil (table 26)
are quite marked. They are due in part to the high silt content of
the surface soil, in part to the variation in eolloid content of the
different horizons, but are chiefly owing to the high carbonate content’
of the fifth and sixth horizons. The leaching of the first horizon is
indicated by the high silica content, the absence of carbonates, and
the low pH velue. 1t would appear that the buried seil had reached
a grenter degree of maturity than the present surface soil or that its

arent material has a different composition. At any rate, the first
our horizons carry a considerable quantity of undecomposed feld-
spars., There is distinct accumulation of carbomate in both the
modern end buried soil.

TasrLE 26.—Chemical enalyses of Pullman silty clay leam !

Bample no. | HON [peptn | i10s | Fea0s | Ano: | Mo | ca0 | B0 | Nmo

Percent |Percent |Peree
316 10, 56
4. 40 1. 88
4,31 | 12.25

83 11.67

1.3 0.0
86 1926

a
=

it 1 Percent P MPercend | Percend
0. 07 106

Rttt
Hasysy

Ignitlen Orgnnle Soluble
loss Total |maiterd Bulta +

Pereent | Percent
3,13 0.00

139 .00
L 13 1,32
.54 .08
L I0ED .0l
1D.43 .m

! Diata from Technical Bullstin 228 (3, p. £), Amariila slity clay Ioam, except for add!tions of CO; of the
eatbonales, ergaale matter, z0lable salts, ond tot

t This figure corrects that of Teehnteal utietin 5, which wis in error.

' Detarmined by combustion method (002404713,

1 GO, of the carbonates.

1 Doterinined by the bridge method.

In contrast with the soil data, the colloid data {table 27) show very
glight variation in composition for the first four horizons. The varia-
tions shown by the filth and sixth horizons are owing chiefly to the

resence of dispersed carbonates. The carbonate content of the
th horizon is exceptionally great.
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TasLE 27.—Chemical analyser of Pullman silty clay Ioem colloid 1

HSample no. Hzgrni- Depth ctlelit-lid Fer0; | ALO; | Mg0 | Ca0
trocted

B
&

Pereent
8.80

NPPFFP§'
RELGERgA

Ienition Organic
Ti0: loss matter 1

Pereent | Percent Percent} Pereent | Pereent
0. 56 0 14 .20 0.1% 12.08 L 4.0
.57 .09 . . X , 0 214

. 5B . - . N . 1.9¢

.59 . . . 5 N 1

.00 .ar . . . g . 42

4579 - .82 . . - L .13

s Data trom Technical Bulletin 228 {4, 0. 10}, Amarillo sllty cley loam, except totals.
1 By combustion method (COyX0471). 3 G0y of the carbonntes,

The derived data (table 28) still more fully emphasize the essentially
constant composition of the inorganic colloid of the first three layers
of soil. Indeed the whole profile shows no marked variations. There
are some minor distinctions such as the change in the iron oxide-
alumina ratio which probably marks the top portion of the residual

buried soil. The higher values of the silica-total base ratio and of the
percentage of combined water probably reflect in part the leaching
of the surface soil which accompanied the colloid removal previously
mentioned. In genersl, in this, 8s in other semiarid soils, the colloid
movements have not been marked by extensive change in the colloid
composition. The color of the organic free soil and colloid indicated
that a part at least of the iron present exists as the free oxide.

TABLE 28.—Derived data: Pullman silty clay loam collotd

Molecular rotio

Bamplo no.
BIO: Bl1Qy | Fealh

Fea01. A0y AlxQy | AlOa

Percent
0. 255 . . B. 06
42 . . 7.38
L 241 . . 7.88
La17 . A
. 206 X . 8.2
L 219 5 . 6.41

I Carbonates dadueted. 1 Combinct weter plits water equlvalent of the bases.
* Combined water plus water squivalent of the bases, correeted for organic-mutter and carbonate content.

PECDS BANET LOAM

Two profiles of Pecos sandy loam soil were collected by C. W. Botkin
of the New Mexico Agricultural College and sent to the Bureau of
Chemistry and Soils for mechanical analyses and for the separation
of colloids. Permission was given to use these profiles in the present
atudy. The profiles were selected to compare the irrigated and un-
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irrigated soils in the Pecos Valley. The two profiles were chosen,
with the aid of W. G. Harper of the Soil Survey Division, to be as
nesarly identical before irrigation was begun in 1896, so far as could
be ascertained at the time of collection. The samples were collected
in 1933. In order to facilitate comparison the separate portions of
analytical data for the virgin ant 1irrigated soils will be placed in
immediate sequence. It will be noted tha{ the two profiles are of
different depth and subdivision. These differences are due to field
differences as determined by the collectors.

The mechanical anslyses of the two profiles (table 29) show not
only very marked textural uniformity but the degree to which the
collectors succeeded in securing profiles of like kind. Both profiles
show a small incresse of coarser material with inecrease in depth.
Both show somewhst incressed clay and colloid content below the
surface horizon. Both show a sufficient quantity of sands to insure
reasonable permesbility to water. There is not sufficient difference
to warrant any positive stetement concerning any effect produced by
the years of irrigation and crop production on the soil texture.

TaBLE 29.—Mechanical analyses of Pecos sandy leam L
VIRGIN BOIL

Fine F lng g?lrey
. s

fample no. gﬁ;:fl (% -_115_ isﬁ(}

min - ; 0.05
) B |y

Pereent Pertent| Pereent| Percent
! 0.6 b .3

a1 E 30.¢
.1 . . 4.6 3z 8 3.7
W1 . . . 30, b
¢ . . .
1 . . 3 .
-3
i

AR AL
LEHEsE:
tnmendch

=)

762 Ih s s B G2 2 O
=

I
=5
[

2 B 00 60 0 D G

ol
-

BERIRE

B33 E LB
3 e i L A

600 =3 LA e LT D e
;“QME:-.I:-!M‘GRG
i tn o LI LI O
00 00 OO kI O 3 G 40
Gal I Cad Lad 0 50 G} 02 T
CREN SRS R e 0T
ek bt b3 ke = A 5 £
SRUESERHER
(=1 LRl -~ B
EBEABRENRR
SOs VR D

-

Lt
-
©

B-721,__

b Determinntlons by f1. W. Lnkin and T. M. Bhnw.
1 Orgnnle malter not present in excess of 0.4 pereent.

The chemical analyses of the soil (table 30) of the profiles show
general uniformity of composition with minor differences within each
profile and between the virgin and irrigated soils. The silica content
of the surface horizon in both profiles reflects the high silt and sand
content shown in the mechanicel anaylses. The very high magne-
sium oxide content especinlly of the lower layers of both profiles prob-
ably reflects, as does the color of the soil, the influence of the parent
material derived from the ““Red Beds.”” Part of the magnesia must
be considered as associated with the calcium carbonate. The car-
bonates present sre partly dolomitic. In both samples carbonates are
present throughout the profiles and in both increase with depth.
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There is no evidence of accumulation at any definite poini. Removal
of carbonates from the upper portions of both profiles is indiented in
this permeable material. It wiil be observed that the years of erop
Eroduction have not increased the organic content of the surface soil

ut apparently irrigation has cerried organic matter in slightly
increased amounts to somewhat lower levels. The most sharply
defined differences between the virgin and irrigated soils shown in
these analyses are in the pH values and soluble sall content. In the
nonirrigated soil an indefinite zone of salt accumulution appears to
exist but is 8o slight as to be perhaps only seasonul; the pH values
are higher than correspond to soils containing only caleium carbonate.
The incrensed salt content of the irrigated soil is doubtless owing to
the salt content of the irrigation water which containg sodium chlo-
ride and calcium sulphate (15},

TapLe 30.—Chemical analyses of Pecos sandy loum?
VIRQIN 801L

Sample no. Hock | Deptn FosQy | AlOy | MgO | Cs0 | K10 | Nayo

Inchea Pereent | Pereemt iPﬂtmt Prreent YPercesit
oG . 847 4
118 .50
B.58 .3

3,78

4. 45

v 6.01
6. 20

Tgnition Organic| Boiuble
loss HLier Y salts?

Pereent | Percent | Pereent | Percent . oo,
0.08 ] I0.42 L . . 820
L3 JLB3 Y an Ve 2 B R8O
L0f 12,127 Uh.68
LO0 ) 15,30 ] 106,11
.05 17. 0% 0 10043
L07 1 18,85 : 100,00
L0 18. 22 | 106,17

IRRIGATED S0F

Sumpie b, ; S10y | FerOs | ALDy | AMpO W0 | Tils

Pereent \Pereent Percent |Pereent Percent Pereent
& 39 2457 8.8 2. 20 7 1.8 L 15 N1
G227 254 .41 .52 5 -1

257 8,75 2,320 0. . .53

2.38 813 1.7 L LY i H

) 1,88 . .

5,30 2.4

. G.28 4,40
. ong) aoul 1508

1 00 w2 Ol L Y

i

1

L3

1

) .

} o X gl | 334
'

b

: ition! Organtel ' ‘ Soluhi
Snmple po. MnO 50y EIE’:I,()S':‘.“Il Tolad :u:tgl‘:?r{i COs+ s:]w”e

I

{Pescent ' Pereent | Percent FP:remt “Pereent 1Prreent | Pertent
1AL Q.48 . BRT 7 W67 .26 w78

i ] MmEd, ULED LB BSOS
{8 ] I 181 1 ep o2 - t_h’_’s:

“16 104, 30
o7 100, 48
2 .2 43 1100 g
R N R R
o2 732 | 160, o0
.82

.0 2 90 00 09 00 (B 01
130 vt B3 BT s e O3 hem

17,25

100, 2

1 Droterminotions by G. Bdgingon, exeept pli and solubls snlls and selonium,
t Betontum determiped by K, T, Willlams, 035 ¢ gy . .
1 3y combistion ethatt (00 X 0471, 00 of the curhonntes. F Iy Lridpe wethed.
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The colivid analyses (table 31) emphasize the uniformity of the
colloidal material in both profiles s well as in ench proiile despite
certain definite differences. The high content of iron oxide of the
colloidal material as compared with the soil analyses indicates that
essentially all iron oxide present is colloidal. Both profiles show dis-
tinet evidence of colloids! carbonate accumulation and this is at o
somewhat lower level in the irvigated profile. There is no evidence
of dolomitic carbonate in the colloid. The concentration of carbonate
in the lower portion of the irrigated profile is materially greater than
in the virgin profile. As is to be expected the sulphate differences
which appear in the soil analyses disappear in the colloid analyses.
The organic matter in the colloid is distributed to somewhat lower
levels in the colloid of the irrigated soil and would appear to be
more readily dispersed than in the virgin profile.

Tanne 31.—Chewmical analyses of Pecos sandy loam colloid
VIRQIN BOIL

Colleid
£x-
trected

4]
=S

Epmple po. Depth S5i0s | FeiOs

a2

fnches Pereent| Pereent
12 2 £2.76 6. 11

=18 N 0, 48
1534 3 6.28
3448 3 5, 55
4B-71 e 5.95
Ti-83 B 813
Bi-05 A 0.+

ITRER

- LY
HEEERERER

~3
-

-4

NmO | Ti0y { MO | Ps0y | S0, [Fpkiom
R | ' i t

s Hereent  Pereend, Percent | Pereent ! Percent | Percent Fercent
oo 8,43 G 0 0.8 144 L 32 1,58 . §.12
S A4 - i - .10 3 5 . s .13
T .12 * . : L A .
1
L
Mg
L8
IRRIGATED SOIL

: L : Collold I
Antuia oo, 1 s Depth ex- 5i0s | FaGa AgQ | Cal
LF i jtrocted

Pereent! Perceni Pereent” Pereend Perpent.
44,88 [T K. 42
44.40 E L k]
45,38
4202
IR

Ty M1

50
v ARAT
421

=3
ot
=

‘UNSES =

E

e T aB n
FHnEaE

P LT
e 2900 OB 50 B

ENHZRR

-

':'-:-':“'.*-‘N!*’"

il

S0s ipnition Drennlei Qs

u

Bnmide thin C Nasty - 1I0s oD i 0y loss mttert

A — i

“Hrreent Pereend | Pereeat, Pereent | Pereent | Pescent Pereont} Perornt ! Feroent
B-7i3._. . ... 0™ 9101 0.2 o1 03, Gt 294 547 i 13
) E i k] . . Gl bR 157 0
N & i, 8 .62
5 B, 414 1.2
i, M 1.36
1043, 053 R
3 ity 15 )
0G4 § uKL22) Wil |
15,04 1 ph i |

1 Datermnined by combustion method {COX0471).
t O of the carbonates.
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The derived daia (table 32) emphasize the essential coustancy of
compogition of the inorganic colloid. There sre minor variations in
both profiles. In the nrigated profile the silica-total base ratio is
sensib]l) lower than in the virgin profile as a consequence of bases
derived from the irrigation waters by base exchange. The apparently
greater combined water content of the lower portion of the virgin
profile is due to the gresater carbonate content of the lower portion of
the irrigated profile (table 31). These differences disappeuar almost
wholly i the combined water of the soil acid.

Tanie 32.---Derived data: Pecos sandy loam colloids

VIRGIN SOIL

Moleculor ralio Com-
bloed
Com-
Haori- water
. pth bined
Samplo o, | Top” | ep 510, | 8101 | 5101 | Fes0s | SO | 8oy wator | Of the
FerD2. Al103| FesOhr | AltCs | AlLOy bages | Hi01 acld 2
Tncher Prresnd| Percend
1 -5 20| 2000 80| 0218 5.05 1.25 TR 12,38
2 O-15 3.20 17.8L 4.4 L2 4.97 1.24 T.75 4
3| I18-34 3.8 15,41 4,06 W22l 5.2 1.26 7.83 1222
4 34-45 334 16.08 4. 05 -212 4577 117 7.48 13.05
5| 4871 .35 19,40 4,05 L 5.01 1.20 &2 200
] T1-83 3,45 19,30 4.20 218 L7 1.2 B.34 1290
T 83-95 344 19.59 4.18 23 4.61 1.25 .0 | 1253
IRRIGATED SO0IL
1 0~ 18 a32; iA10 L08 | D225 1 4.80 1.31 I 7.28 11.71
2 & 14 .26 1R.13 8.U8 LI 4081 132 T. 20 11,85
3| IB- 33 3.20 17,83 3,60 L2080 5DY 1.38 7.32 11. 34
4| 35 47 i3 18, 80 4.01 J2l8 0 632 L 7.4 1202
5| 47- 53 3.28 | 1828 3.0 L28 i 4.63 1.13 7.52 13.31
6| 53 3. Wy 3.80 M 486 L15 6.83 13.3L
T | B4~ 82 3.22 20, 02 .97 L8 T k02 1,18 o7 1285
B | 82— 40 3.30 | 1875 . 54 ] 4451 0 L19 7.08 13.00
o un-101 347 20,101 4.05 L2062 4, 54 l 1,18 7.5% 12, T

i Carbonates dedocted.
1 Combined water plus wualer equivalent of the bases.
? Comhined water pius water equivalent of the bases, corrected for organic-matter aod curbonsta content.

PIMA CLAY ADOBE

The two profiles of Pima clay adobe were, like the Pecos profiles,
sent by C. W, Botkin. They were selected to present, as nearly as
possible, like conditions before irrigation was begun in 1894, The
deta are placed, therefore, in sequence. It will be seen from the tox
ture shown in table 33 that the selection was excellent as respects the
upper portion of the two profiles but the comparison hecomes less
satisfactory with depth. DTrobably this was unavoidable because of
the great heterogencity of the alluvial deposits in the flood plain of
the Rio Grande.
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TaBLe 33.—Mechanical analyses of Pima clay adobe?l
VIRGIN EOQIL

Me-
Fina dium Qrganic
| | - ety
mm) ) u.'za) 0. X n Omm) | 310,
mm

§
R

o

1
W G gD
S I E

CEma gk

Pereent | Pergent Percent| Percenit
0.4 [N} 5.2 0.4

. 51. 4 n
10
.1

1

-

Ty
m

e 31
EEBR

IRRIGATELD BOI

Faball LU
LT 1 O

Z
z

I

0.

1 Determinations by E. W. Lakin und ‘T M. Shaw.
YOrpanle motter not present o excess of (.4 percent.

The clay and silt content of the upper two horizons is so high in
both profiles as to present the picture of a nearly impermeable soil.
The abrupt bextura{)chauge in the lower part of the profiles points to
a different parent material, but this difference is probably textural
since the sources of the parent material are presumably the same
and the differences are due to the character of deposits made at dif-
ferent flood periods. The permeability of the lower portions is a eon-
tributing factor to the successful use of underdrainage in this irriga-
tion project. The larger quantities of coarse material in the first
horizon of both profiles as compared with the second may be taken to
be due to removal of surface soil fine material, only a portion of which
finds lodgment at lower levels. The increased organic content of the
upper horizon of the irrigated profile may be ascribed in part at least
to the preservative qualities of the heavy clay in contrast with the
more sandy Pecos profiles. The effect of percolating irrigation water
on colloidal distribution would appear to be limiteg to the first two
horizons.

The chemical analyses of the two profiles {table 34) indicate that
horizon 4 is a transitional layer between the upper and lower portions
of the profile. The evidence of two separate deposits appears in the
distribution of the iron oxide, magnesia, sodium oxide, and carbon-
ates. There is no definite evidence of dolomitic carbonate despite
the rather close correlation between the quantities of magnesia and
of carbon dioxide. The smali concentration of carbonates in the third
horizon of the virgin soil indicated by the carbon dioxide percentages
is et o slightly lower level in the irrigated profile. The variation of
conrse materials in both profiles obscures any inferences to be drawn
from variation in the minor constituents. Evidence of the probable
influence of irrigntion water in rentovel of fine material from the
gurface horizon is seen in the greater divergence in composition of the
first and second horizons of the irrigated soil as compared with the
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corresponding horizons of the virgin profile. 'The highly impermeable
character of the surface soil is indicated by the accumulntion of
soluble salts in the second, third, and fourth layers of the virgin soil
and the practicai absence of such accumulation of salts in the irri-
gated profile despite the presence of soluble saits in the irrigation
water (27). It seems probable that the drainage system in the irri-
gated area is responsible for the lower pH values of the deeper strata
of the irrigated profile as compared with the virgin profile.

TABLE 34.~—Chemical analyses of Pima clay adobe soilt
VIRGIN BOIL

Sample no. Depthi| B0y | FesDy | Alia | MeO Q) TiOy

Percent | Pereant Pereeid Perpent
10. 1} 247 Do
15.95
14. 82
14.32

]
8,25
B.ar

Organle Snluhle

Sample no. 1 Totsl muibter 1 sty §

Parts
Er
Percent | Percent | Pereent miltion

1.1% 318 0.12 1, T

1.12 3.4 B, ()
.49 3. 4, 500
¥4 HT
.9 1,70
fr 1]
Hu

Prree

it
.63
.30
-
.08
-
.01
.06

£3.90,08 g0 1. g
RO oe—2

IRRIGATED S0IL

Samyle fio. Depth| 80y | FaaOy | A0 | M0 | CnD NagO)

frercent | Percent| Percent | Percent Pereent
4. 80 16, 15 1. A% 4,712 18} 0.80
5,30 18. 60 e . 9 3 L02
4,15 | 13.55 B 6.01 128
4.5 144 3 4,20 114
*T2! 1078 . 2,82 p 1.33

. 872 .36 1.47 2 1.67

Ienltipn Orgamlc - Bolukle
loss | TR |maitera] €02 PE | Tlse

Parta
of
Percent | Percent | Pereent | Percent mifllon

106. 94 1.82 234 .11

100. 45 1.3
100, 48
100. 04 15
§0. 85
100. 25

L Duterminations by Glen Edglngton excapt pH and solubls salts and selenium,
1 Detarmination of 0.15 p. p. m. of seleninm by K. T. Williams,

10y ootnhustion method PCO:XUJ?;}.

+C0y of the carbonsted.

1By bridge method,
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Since this soil is so high in colloid, is derived in Eart. from shale, and
has physica] characteristics similar to those of the Plerre clay from
South Dakota, it seemed of interest to ascertain if selenium were
present, The amount found in the second horizon is only 0.15 p. p.m.
and s no higher than is found in the Pecos profile. It seemed insuffi-
cient to warrent further determinations.

The colloids of the decpest portion of the profiles were not analyzed
because of Jack of material, The variations of composition shown b
the tables of mechanical analyses aud chemical analyses of the soil
largely disappear in the colloid analyses (table 35). Not only is the
colloid of each profile constant in composition within narrow limits
but the colloid from the irrigeted profile is slmost as closely similar to
the virgin profile as sre duplicate snalyses to each other. The only
essential difference between the colloids is in the quantity and loca-
tion of the carbonates as shown by the carbon dioxide and ealcium
oxide content. In both profiles the magnesium oxide and potassium
oxide content arc sufficiently high to indicate the possibility of un-
decomposed silicato minersls in the colloid.

TasLe 35.—Chemical analyses of Pima clay adobe colloid
VIRGIN BOLL

Cal-
Baople no. Irepth |loldex-| S§i0s | FerOa [ ALOy | MeO
tracted

Prreesit | Percent] Perrent | Percent| Pereent
409 . L 21,42 4.0%
51. 568 7.3 2024 4, 2%
52 .0 LAl 1L 6 3.8
53,70 T 20.00 348
: I Bh30 585 | 107 3 H
b I R | d20oBR0ZT BRW MR )

* Lo . ‘EenlLi fe}
sampleno. | Na0 | TI0s 50, [HHitlon] oy |Oreunic

;."rrrm!a}’rrmll Pereent| Percent | Prrcent| Pereent
0,48 0.41

, Traee | DA 0.061 &91
B-i07 ). RN 4 R .12 .2 7| B30
B-T04 . [ S . 08 35 L8 0.52
B-7097, - 25 .G o7 .7 LI 3,
B0t . .20 .85 .09 B 13
B-711 ) 67 .07 . 1l

IRRIGATED BOIL

Col-
Sunple no, Dapih |loidex-| &0s Col) ; KO
trocted

Friekes | Percenr| Percent PercentiPercenifPereenti Perceni
B-700 L -9 38 . AL 22,38 a6l .62 253
B-70l 1. 401 i B8 | 21, 4,95 2.0 2,57
B-702 2. . A 5 ] 425 1]
B-703 7%, | . 1a7 .17 38
BT e i 53. 50 X ) 3,57 L] AT

“mnpde no, NnQ | Tith

|tgnidont .. Orgusifc
tosy 1 T bditers| GO

Fercent| Percent| Percent| Peveent| Percent | Percent | Percent | Percent | Percent

.00 0.7 0,20 G4 .04 | 100.34 L& 0. B8
.08 il .o B 06 | 100,55 1.40 .7
1 .42 LB ) OIL B | 10053 1,68 LB
.00 L1 .0 ¢.52 | 1049 L 1.08
. DB .32 L 8.5 | 100. 61 LA 1)

B-700 . e

' Determinations by Glen Edgiugion exeepl orgnole molter and COs.
» Determinations by I. C. Brown.
t Determined by the combustion method (C(14X0.472). 1 C Oy ol the corbonates,
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The derived data (fable 36) still further emphasize the constancy
of the composition of the inorganic colloid. The degree of uniform.
ity is the more striking because, as previously mentioned, it is prob-
able that the profiles each represent two deposits of aliuvial material,
In both colloids the combined water and the combined water of the
soil acids ere glightly lower in the upper portion of the profiles,

TanLE 36.—Derived data: Pima ciaj' adobe colloids
VIRGIN S0IL

Moleculnr retio

Siky 510: | Si0y | FerOy

FesOr. ARy Alih | ALy

17.30
1712

RIGATED 50IL

k3

f-21 3 . 4
21-48 . . 4.
458-51 s 4
b1-58 4

1 Carbonates deducted.
F Combined water plus water equivalent of the beaes.
¥ Combized water pina water equivalent of the bases, corrected for organle-matter and corbonate content

KELVIN SANDY LOAM AND EELVIN GRAVELLY LOAM

For some time the writers have been seeking soils developed in place
end derived from irisilicate feldspars or from granite in which the
feldspathic content is & trisilicate. It was hoped that in such case,
were the leaching of limited amount, the colloid mighs approach mont-
morillonite in composition. The samples of Kelyvin soils here re-
ported were selected by W. G. Harper, of the Division of Soil Survey,
&8 probably approaching as closely to the specifications as eould be
found. Unfortunately the feldspar in ths parent material is chiefly
disilicate, as shown by petrographic examination, and may therefore
have in the colloid a maximum silica-alumina ratio of 4.  Undoubt-
edly, also, a portion of the soil is of aeolian origin. 'The profiles are,
however, of special interest because thoy present a Desert soil free
from carbonates and with an extraordinarily low soluble salt content.

The mechanical analyses (table 37) of the sandy loam show a soil
of moderate depth and with apparently almost no translocation of
fine material. 'The organic matter of the soil is almast wholly con-
fined to the surface inch. There appears to be some translocation of
fine material in the gravelly loam but whether by removal from the
surface soil by wind and water or by alluviation of the second haorizon
is not clear, although it is probably the latter,
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TABLE 37.—Mechanical analyses of Kelvin soilat

EKELVIN BANDY LOAM

Madl- | g

Comse| 2 | pend $it | Oy |cottg Cnpaat
05| B | 02 05 ((0:05-0 [(0.002-0 |
m=1) 0.22; 0.1 mm) mm) ; mm) Hi(y
THTT,

Percent | Percent | Percent| Percent| Percent| Percent | Peycent |Pereent
14.6 7.4 8.8 1.6 253 2.3 18.0 29
10.6 8.8 10.1 4.5 i8.5 2.1 10
2.8 10.2 10.5 7.1 182 .6 1)

KELVIN QGRAYELLY LOAM

1 ] 70 i 3 01
g 3 HiA ] . 3 1.2

1 Detormingstions by H. W, Lakin end T, M. Shaw.
t Organle matier not in exeess of 0.4 percent,
¥ Bample mostly decayed rock, not analyred.

The chemicsal analyses of the soils (table 38} and of the partly dis-
integrated L{)srent granites show & marked difference between the
profiles and also between the granites. The deeper profile has a
much greater content of ealeium, ironm, and magnssiom oxides than
does the gravelly loam. These differences and variations in minor
componsents indicate that the psarent materials are essentially dif-
ferent. The sandy loam parent feldspar consists largely of celeium
sodium silicates while the gravelly loam feldspar is chiefly potassium
sodium trigilicate, 1t is known that feldspars contaimng caleium
hydrolyze much more rapidly then other sorts. It is possible, thera-
fore, that the greater depth as well as the finer texture of the sandy
loam is owing 1n part to this difference in the character of the parent
rock. The pH values in both profiles indicate removal of soluble
snlts resuiting from mineral hydrolysis, :

Tanus 38.—Chemical analyses of Kelvin soilal
KELVIN SANDY LOAM

Bample no, G103 | FepUp | AO; | Mg | Cad | KyQ

Pereent| Pereend| Percent | Percent | Percent | Pereent
Gi, 58 546 | 10.75 1.41 3.0 2,0l
43. 40 . 17.58 109 o 2.53
03.84 . 17.68 112 3.98 222
65,70 ¢ & 17.38 1,12 3,80 244

Tgnition Organic
toss | Total | o oters| OO0 N

Prreent
5. Bl
3.08
2.46
L8
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TanLn 38.~-Chemicel analyses of Kelvin soils *—Continned
EELVIN GRAVELLY LOAM

Bample no. Depth | 810y | FesOs { ARG | Mgo

Inichex | Percent]| Paveent | Percent | Percent

04| 6.5 28B4 1637 (. 0.8
Boplsd... — 4-81 67,08 3.1 1700 .59
B-BI158. e e 8+ 1 T8 L] i£06 17

Ignltion Dotul Orgonic

Bampls no, P30y By Toss mstier?

Percent | Percent| Pereent
2.18 1 100. 13 044
2.48 | 100. 14 .4l

.03 83i sav2] o8

i Diaterminaticns by Glen Edgington,
1 By combustion mathod {OGyx0.471%
§ 003 of the eachonates.

The colloid snalyses (table 39) show the ususl uniformity of com-
position of colloid within each profile. The uniformity is the more
appsrent in these profiles by resson of the ebsence of carbonates.
The higher iron content of the sandy loam soil, compared with
gravelly loam, still appears in the collolds bui the marked difference
In magnesinm, caleium, and sodium oxides has disappesred. The
higher content potassium oxide in the gravelly loam soi{) still obtains
in the colloids. The differences shown in the minor constituents of
soils have largely disappesared in the colloids., No colloid was obtain-
sble from the parent rocks.

TABLE 39.—Chemical analyses of Kelvin soils ectoids
XELVIN SANDY LOAM COLLOCID

Horle Colloid

Dapth| ex- 8i0s | Fasly | AlOs | Mg0O | Ca0
oL tracted

Bample no,

Percent Pereent | Percent [ Pevcent | Percent

1 & .41 2238 2.52 L9
It X B0 | 2488 2.38 183
2 5 X 26,05 287 1. 8%

Py " Total g;%g? Ty

Pereent Peroent Pereent
0,18 X X 805
A2 . . i kil

A% 03

Bee footnotes ot end of table,
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TaBLE 390—Chemical analyses of Kelvin svils colloids—Continued
. KELVIN GRAVELLY LOAM GOLLOID

Hori. | contotaff
Sample no. on Depth | ox- BlOy | Fer0: | AlYOs { MgO
i J . | tracted .

Inches i’enm: Peyeent | Pe . Percent| Pereent
04 3| .o . . 2,37 20
4-§ 8| BLO6% A . 2.47 Ln

Ti0: | MnO | P0; | B0, [lEhitlon SrEANiY 00,

Percent| Percent| Percent| Percent | Percent] Percent Percent| Pereent
6. 85 0.42| 020 018 .13 1.0 3 8.07 8.01
b - o 4B . Bi W17 .10 14| 0.7 260 .95

! By combustion method (CO:XI4TL).
* 30 of the carbonatas.

The derived data (table 40) show some interesting relations, The
greater quantity of iron in the parent inaterizl and the colloid of the
sandy loam is reflected in the smell variation of the silica-sesquioxide
ratios but does not appear in the siliea-alumina ratios to so marked
a degree. The sﬂica—gasa ratios indiente the removal of bases fo
about the normal content of the dry-land soils, The lower degree
of hydrolysis of the gravelly loam colloid is perhaps reflected in the
lower content of combined water and of the combined water of the
soil acids of the first and second horizons as eompared with the second
and third horizons of the sandy loam. Since these two colloids arse
relatively little affected by the presence of organic matter and not at
all by carbonates the colioid may be regarded az a normal hydrolytic
product of rock decomposition under limited rainfall. The empirical
composition is, therefore, of some special interest and is here given in
advance of the general discussion. Following the general form of
expression used in & recent study (71}, the composition of the inor-

anic soil acid for the two profiles may be written: 2.5H;0.AL0,.8.5-
i0,. If ell the iron oxide be considered as combined with the silicate
it may be written as: 2.1H,0.M,0;.2.98i0;, (M =Fe-+ Al}.

TabLE 40.—Derived data: Kelvin soils colloids
KELVIN SANDY LOAM COLLCID

Bhiolecular ratio

Zampla oo, 8i0: 8i0: | 810: | FeiDa
Fesry AlyOy| Ferly | ALO; | AROg

B-547... __ . __ 283 | 138 X
| 2811 1805 r
287! 13,35 X

7 0200
£l L2212
a3 249

KELVIN CGRAVELLY LOAM COLLCID

2837 19D 360 0.1 \ 1.48
B-5162. e e .00 ; I8 50 3.58 . 183 A 1,45

1 Oarbonates deduacted,
1 Qombinad water plus water equivalent of the bases.
t Combined water plus water agulvalent of the bases, correctad for org ttar and cord
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HYGROSCOPIC RELATIONS

The authors (8) presented, in connection with a study of the
fractionation of soil colloids, data which indicated thet the ratio
between the water vapor absorbed by soil eolloids over 3.3 ereent
sulphurie acid (89 percent humidity) and over 30 percent sulphuric
acid (75 percent humidity) at 35° C. is & funetion of the ecolloid
composition even though the absolute quantities as well as the ratios
vary with particle size. Later Brown, Rice, and Byers (7) in a study
of claypan soil colloids empbasized the relation between colloid com.
position and water vapor absorption relations and further pointed out
that in the soils studied the vapor absorption of the surface colloids
waaﬁluniformly lower thea in the colloids from the remainder of the
profile.

In the present study it seemed desirable to extend the examination
of these relations in order to determine what relations sre characteristic
of the dry-land soils, and if possible to determine definite]y the cause
or ceuses of the lower absorption of water vapor by the surface colloid
at high humidity. In order to attain these ends all the eolloids were
air-dried and their absorptive capacities determined a 99, 75, and
50 percent bhumidities. They were also subjected to repeated
wetting and drying treatments. These were carried out as follows:
After obteining the normal absorption data the colloids were heated
at 105° C, overnight and an equa?) weight of water was added and the

colloid allowed to air-dry for 2 days. It was again heated at 105°
overnight. This treatment was repeated five times, after which the
absorption values were again determined. This trestment was for
the purpose of determining whether the cause of low surface absorp-

tion may be attributed to irreversible dehydration of the surface
soil colloid under field conditions. The results obtained are given in
table 41.
TabuE 41.—Water-vapor abeorption of colloids and absorption raiios
SOOBEY LOAM

Atr-dried sampiles Alternately huated and wetted 5 thrues

Water vapor ob- Water vupor ab-
sorbed pvar— Absorption ratic sorbud aver— Absorption ratlo

.

30% H\B 0,

Harieom

30.0% Hi80,
42.56% 50,

3.3% Hy50,
X% HB8O,
42.6% M50,
1.3% H:80,
12.6% Hi80,

35 [2a% mso,

g;ﬁ? 12.5% Hi80,
pﬂﬁ?

LESEART

GRERBY
s85e8:
s
RS

e
PRPRPR
HUasEy
MNP pRR
A i
[l ol ol ol o o
HENRRR

[al=!
cr

I 2 X ., 8 L4sl 2 17] 12.23
X x 2 L 57| 2h.88) ¢
{.ﬁ? 25. 00 BB 5.7

4 Gl 2501 Baz 629
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TapLe 41.—Waler-vapor abasorption of colloids and absorpiion ratissa—Continued
BADLANDS BILT LOAM

Alr-dried samples Altermately heated and weltod & times

Weter vapor sb-

Ster YApOr 55| Absorption ratle | Waer WPer 85| g neorption ratio

sorbed over—

3,39 IT:50,
3.3% P80,
42.5% 11,50,
1.3% B850,
30% Hy30,
W.0HHE0
1759, 11;80,

$2.59% 11,80,

HREg
bl o8 o4 o
BogE

1.
I
L
1

P

a7 11l 1813

PIERRE LOAM

30.00} 14, 24! 10,32 843t 13. 00
20.02] 14. 55| 10. 79 28.31| 13,386
i8-4G| 30.50| 14. 41| 10.56[ . 27.86] 13.
30.18] 13.87) 10.30 . 274 12, 89,
2770} 3250 9.5!}i 26.48] 12. 14

PECOS BANDY LOAM (VIRGIN}

30.62| 14, 54| 10, 44 23,05 1406
3L 00| 15.33] 1085 2.2 4.7
31.68] 15,63 11, 18! 15. 15
30. 60| 15. 28] 10,78 14. 87
T2.00] 16.47) 11.00) . 16. 00!
33,927 17, 03] 12 36 . 15. 57
35. 21} 18.17] 13. 27 . 16, 32

Y

SERERER

PrEpPRPR R
SEsAETH

e b e
[=1= 1

PECOEZ BANDY LOAM (IRRIGATED)
1

3G. 29| 35.05! 11.19! 1, 34] 29, 60
3L 281 15.09) 11.83

31.70) 18.01

st adnd

MR N
ACIRSSRES
MEPRRRR R
LEERREHL
HEERaRNRY

bt A bt et ek

15. 6}

L]

]
L)
=
[
8
e

2.97
13. 03]
13.58
13.85
13. 6§,
13. 23

S

33.00
3L
32,51
2. 12
3. 85

Lokl ol o8
seeage
BREPRP
2T BAR
HHEMERMN
ERRNES
CENEE]

[adnd

PIMA OLAY ADOBE (IRRIGATED)

0~ﬁl .89 ARGl 12N .72 16.30
9-217 30.26] 17.77) 1& B4 2.62]
21-48{ 35.27] 17. 68) 13.86 2.54
48-51| 34. 36| 17. 54¢ 13,64, 2. 59,
51-58) 35. 88 17.87] 13.54 248
B8589,

i | {
: Only portion of profile taken,

- B-70L...
B-TR_..
B-703...
B-704....
I-705.-.

5 G ol B 3
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TanLz 41.—Water-vapor absorption of colloids and absorption raties—Continued
KELVIN §ANDY LOAM

Alr-dried samples Alternately heated and wetied & times

Water vaper ab-
sorbed over—

‘Water vapor ab-

sarbed Over— Abszorption ratio

Absarption ratio

0% HiB04

3.3% Hi8 04
0% Ha30y
3.3% HB0,
3.3% HiBOy
230.0%% Hy80,

- 1 Per- Per-
canl cent
11.68 ,3]| 28,37

3 1
12. 60 - 2.5 1.83) 20 51
3 . 1.34| 27. G2

11, 07|

KELVIN GRAVELLY LOAM

8.4 21| 806 - 38| 24.15
10.40) Z.08| 287 . 38| 26,35

Mean... 16.19] 11.11] =216 2.907] L38 .03 .04 210

The hygroscopic data and the ratios for air-dried samples (table
41) bring into clear relief some rather important relations. The
mean velue of the coefficient of absorption at 99-percent humidity
for the 10 profiles reported is 31.98 percent. The maximum value
is 37.11 and fhe minitnum 26.47 percent. A portion of these varia-
tions is due to inaccuracies, inherent in the method employed, despite
the fact that all the values recorded are the mean of duplicate deter-
minations. A part of the variation is to be ascribed to variations in
organic matter and carbonate content, The mean percentage
absorption of the colloids at 75-percent humidity is 15.19 percent
with a variation hetween a8 maximum of 18.17 and 2 minimum of
8.3 percent. These latter values are of special interest because
numerically they are approximately equal to the heat of wetting
(2). The mean vsalue of the absorption at 50-percent humidity is
11.11 percent with a variation between the limits of 13.86 and 5.07
percent. It may be noted that the low values at both 50- and 75-

ercent humidity are in the subsurface soil colioids of the Spearﬁsh
Fam and arc undoubtedly sssociated with its abnormal composition
{p. 44).

The variations which are preduced by what may be termed im-
purities of the colloid should disappear in large part when the ratios
of the determined values are calculated. The mean value of the
ratio of vapor absorbed at 99- as compared with that at 75-percent
humidity is 2.16 and differs from the mean velue of the profiles
of other dry-land soils, previously reported, only by 0.08 (7). The
limits are 3.45 and 1.90. Again, the maximum abnormal value is
in the colloid from the Spearfish. If this soil be excluded the maxi-
mum ratio is 2.36 in the surface soil of the Scobey loam. The mean
ratio for the quantities of vapor absorbed at 99- as compared with
that at 50-percent humidity is 2.97 with extreme limits, excepting
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in the Spearfish colloid, of 3.37 and 2.51. The ratio of the absorp-
tion at 75- as compared with 50-percent humidity has a mean value
ofdl.38 and Hmiting velues, excluding the Spearfish profile, of 1.45
and 1.27,

The abnormal water-vapor absorption walues and ratios of the
Spearfish colloids are in accord with their abnormal chemical com-
position (table 7) and the variation is roughly proportionsl to the
magnesium-oxide eontent of the colloid. It seems apparent that
the Spearfish is either a very immature colloid with respect to the
extent of hydrolysis or that the magnesium colloid has different
properties from those conteining less magnesia. The sbsorption
values and ratios of the bentonite colloid, the analysis of which is
given in table 11, were also determined. The ratio for the absorp-
tion at 99- to that at 75-percent humidity is 2.30. For a sample
of halloysite the corresponding ratio is 7.02. (See general dis-
cussion.)

Whatever may be the contributing causes of water-vapor absorp-
tion and their relation to the chemical composition of the colloids,
the conclusion is inescapable that the water-vapor-absorption ratios
of the colloids of the dry-land soils are characteristics of this great
group of soils. This is particularly true of the 99- to 75-percent
hunidity ratio which, including the soils reported (7), have for 17
profiles a meen value of 2.13,

The mean water-vapor absorption of the surface layer of these
10 profiles is 31.14 percent while that of the second horizon of the
profiles is 31.68. The differences between these quantities is not
so great as those previously reported (7) in which the difference
recorded between the A and B horizons for 8 soils is 5.69 percent,
In the colloids (deacribed in this bhulletin) there is also a smaller
difference hetween the organic matter of the first and second hori-
zons. ‘The mean value of the organic matter of the surface horizon
is 4.30 percent and of the second layer is 2.83 percent, a difference
of but 1.47 percent. In the data of the 8 soils reported (7), these
percentages and their differences are respectively 7.27, 1.96, and 5.31
percent. It is difficult to avold connecting the two phenomena al-
though there seem to be insuperable difficulties in attempting to
ascribe a causal relationship.

Among the possible explanations of the lower water-vapor absorp-
tion of the surface soils is that of relatively irreversible dehydration
of the surface soil colloids by more frequent periods of wetting and
drying than are experienced by those of the subsurface herizons, of
comparable material. In order to test the validity of this assumption
the water-vapor absorption was determined on the same samples
after repeated wetting and dryving. The data with the consequent
ratios are given in the lust six columns of table 41. It will ho ob-
gerved from the data that in all ceses at high humidity the process
results in lowered absorption not only of the surface horizon but of
all the others as well. The mean reduction for all the profiles after
repented wetting and drying is 2.95 percent (dry colloid weight)
at 99-percent humidity, 0.65 percent at 75-percent humidity, and
0.07 percent at 50-percent humidity. For the surfnce layers the
reduction is 2.95, 1.16, and .35 percent at the corresponding humidi-
ties. It will be observed that the cffect of the wetting and drying
process practically disappears et lower hunidities.
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It must be {rankly confessed that the dats availabls still leave
unanswered the question as to the cause of the observed results.
Tt seems wholly improbable, despite the numerical relations, that
the effect of the repeated wetting and drying is upon the organic
mastter since the colloids throughout the profile are essentially equally
affecied. On the other hend, were the effect due primarily to wetting
and drying the surface soil colloids should be markedly less affected.
This is not the case. If the effect is to be ascribed to particle size
then since the colloids in question are all extracted in the sazine
manner and the attempt made to limit the maximum size to 0.3,
the differences between these particular soil colloids in respect to
size of particles should be small and the differences in water-vapor
absorption should likewise he small. This is the case. Neverthe-
less, the question may not be considered answered satisfactorily.
Obgervations in this connection will be continued.

CARBON.NITROGEN RATIOS

In & recent publication Anderson and Byers {4) have pointed out
certain relations of the carbom-nitrogen retic and the great soil
groups and have supplemented the observations of Leighty and

horey (28) with respect to the vartations with depth. TIn the present
studies it therefore seemed well worth while to call attention to
these ratios in the soils and colloids, particularly beeause infornia-
tion on the carbon-nitrogen ratio of ¢olleids is very meager.

The ratios are assembled in table 42. In both the soils and the
colloids the general result is a decrease of the ratio with depth, though
some exceptions are found. In the soils the quantities of organic
matter at lower levels are somelimes so small as to make the data
unreliable, particularly when the carbonate content is high. Al-
though the carbon-nitrogen ratios of the dry-land soils are appsrently
more constent than in the case of other great groups of soils (4) it
is quite cvident that even here a nitrogen determination does not
furnish sn adequate measure of the organic-matter content. The
mean of the surface horizons of this series is 10.1 for the soils and
8.9 for the colloids. These values are in accord with mean velues
previously obtained. It eppears that the dispersed and water-
msoluble organic colloid of these anid soils has a higher nitrogen
content than the total organic matter.
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TABLE 42.—Carbon-nilrogen ratios 1 of the soils and thesr colloidq

SCOBEY LOAM EEITH SILT LOAM PEC&%&?&%{H&?*‘M

CfN ratlo OfN ratio CfN ratio
ol— of-- of -~

Bample Depth B Bample

ng, u,
Col- Col- Col-

Sail | fotd o sotl | FoL

Frickes
1

5364

SFEARFISH BILT LOAM | y PIMA CLAY ADOBE
{VIRGIN)

Basa.. | oaz| o 3 ] , .
B-1087._0| 1224 ) ; . B-70f. ...
B-1068_.0 2542 ) ; . B-s. 00
B-1089__| 0072 . ) ) 703

e
L3 -4 -1--1- L]

HADLANDS BILT LOAM

AN BIT AY
01 PULLM Lo&:‘h{fw oL PIMA CLAY ADOBE
el - (IRRIGATED)
12-30 3 A *
72-84 5 7 -5 i 1LO
020 - 1001
30-40 | iL1

PIERRE L

1

FECOS SANDY LOAM
081 1. . wilkaing
B-18

1840

A0-00

60-74

10.
4.
&.

KELVINGRAVELLY LOAM

: B-5151
i BoGIse. ..

1 {Qrganle matler X0.68) +nitrogen.
1 No nitrogen or organfc mutter reeorded.

GENERAL DISCUSSION

In a recent publication (7) the writers have presented data which
indicate that the colloids of the series of dry-land soils reported ma
be regarded as derived from a hypothetical acid, pyrophyllie acinf:
since their silica-sesquioxide ratio closely approximates the COmposi-
tion of pyrophyllite. In a more recent publication Byers, Alexander,
and Holmes (11) also point out that each of the great groups of soils
appears to have a colloid composition which may be expressed, so far
as the fundamental inorganic acid is concerned, by a definite relation of
silica, alumina, and water. In the ease of the typical Chernozem soil
this relation is not far from that represented by the expression
3H;0.A1,0,.48i0,. In the Chernozems it is necesaary to consider
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the iron content as chiefly combined with the silica as part of
the acidoid complex. Therefore the composition is expressed as
3H,0.M,0,48i0,.(M=Al and Fe}, In tho series of soils here pre-~
sented the greater part of the profiles is from aress even less subject
to leaching than are true Chernozem soils. It is therefore of special
interest to consider the colloidal composition with reference to this
relationship,

In order to present the pertinent data in such form as to permit a
comprehensive survey of the whole group of soils, profile averages of
the derived data are assembled in tuble 43, Averages of ratios are
permissible in these profiles because of the small variations in com-
position within each ﬁroﬁ]e, which warrant the inference that we nre
denling with essentially the same material in each profile. Included
in this table are the water-alumina and water-sesquioxide ratios.
The mean values of the 18 profiles are given at the bottom of the table.

It would appear, therefore, that the dry-land soils represented in
these profiles have a colloid composition with a silica-sesquioxide
ratio of 3.31 with an average deviation from the mean of 0.32. It
would gppear, therefore, that where excessive deviations are found
an explanation should also be found. The two most marked devia-
tions are in the cases of the Spearfish and Badlands colloids. It has
already been pointed out that in the Spearfish soil the influence of the
parent material is so marked that the colloid cannot be considered a
truly representative alumino-silicate for this region. It resembles
the high magnesium soils reported by Robinsor and his coworkers
(40). Further, the parent rock is Triassic shale with g relatively high
content of free iron oxide. The Badland colloid is so high in’ silica
content that it appears reasonable to regard it as the closest availeble
approach to a coiloid of the montmorillonite type (8). Itis, however,
possible that the Brule clay from which it is derived contains some
free silica of colloidal dimension,
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'To gain some information on this point s sample of the colloid was.
sent to 8. B. Hendricks of the Division of Fertilizer Investigations for
X-ray examination, Also s sample was treated with constant-boiling
hydrochloric acid and the residue exemined. The X-ray patterns in
both samples show not only the presence of quartz but also of a line
given by fused qusrtz and silics gel. It seems probable, therefore,
that the high ratio in the Badlands colloid is due to free silica rather
than s silicate complex. The Keith silt loam hsas a slightly abnormal
average deviation from the mean but a very small quantity of frea
silics would produce the result observed. The deviations shown by
the Xelvin soils are readily accounted for by the presence of free iron
oxide &s indicated by the color of the soil and even more emphatically
by the color of the colloid. An additional influence tending to lower
these ratios will be discussed later,

Were the silica of these colloids wholly associated with alumins to
form an acid complex the mean silica-alumnina ratio 4.07 would be
almost the theoretical ratio of pyrophyllite. This assumption cannot
be sustained by the evidence. The average deviation from this mean
is 0.41. The only colloids having ratios inarkedly exceeding this
sverage deviation sre the Spearfish and Badlands colloids. The
explanations in these cases are the same as in the case of the silica-
sesquioxide ratio. The smaller excess in deviation of the Kelvin
colloid will be discussed later.

The mesan water-sesquioxide ratio, 2.27 shows an average deviation
of 0.20. The only soils showing marked deviation are the two profiles
of the Pecos sandy loam and the Pierre clay.

The mean water-alumina ratio, 2.78, shows an average deviation of
0.23. Again only in the case of the two profiles of the Pecos series is
there s very merked excess above the average. A less marked diver-
gence occurs in the Pierre clay. A satisfactory explanation in these
cases does not appear evident from the data. Indeed in view of the
known uncertainties in the evaluation of the combined water of the
soil acids, the degree of uniformity of the water-sesquioxide and water-
alumins ratios is quite remarkable.

The silica-total base ratios have an aversge velue of 5.82 with an
average deviation of 0.84. It will be noted that in this retio the aver-
age deviation is extremely wide and the ratios show in several cases
extreme divergence. This is particularly the case with the Scobey and
Spearfish colloids, in opposite directions, and the Kelvin profiles.

This wide variation in base content is to have heen expected b
reason of difference in rainfall and permeability of the soils. If 13
emphasized in the case of the Scobey Toam since added weight is given.
to the lesched portion of the soil though the horizons are taken sbove
a depth of 13 inches. The lower portion of the groﬁle is not so widely
divergent from the mean, In the case of the f)earﬁsh silt loam the
high magnesium content is responsible for the low ratio and further
emphasizes the abnormal cherecter of the colloid. In the case of the
two profiles of the Kelvin colloid the low base content is apparently
due to the shallow soil and the absence of carbonates to keep the
colloid more nearly saturated with bases. In genersl the silica-base
ratios are relatively high, the bases low, in sll the surface horizons.

The average water-vapor absorption ratic is 2.14 with an average
deviation of but 0.15. This is the most uniform of the colloid properties
determined. The only excessively wide deviation is in the case of the
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Spearfish colloid. There is little question that in this case the greater
ortion of the deviation i by reason of the free iron oxide present.
npublished data indicate that iron oxide has s much higher ratio

than have the dry-land colloids. The ratio for the high magnesium

colloids (40) has not been determined.

From the total available data it appears that the inference is war-
ranted that the dry-land soils approximate a colloid composition,
expressed for the inorganic soil acid, which approaches closely the
formuls of pyrophyllic acid 3H,0.AL,0;.48i0,. The divergence from
this idesl limit is greater as the iron content of the colloid increases
and the greater the extent to which it is free iron oxide. The water
equivalent should normally be less than the hypothetical maximum.

It is to be expected that the attainment of the idealized pseudo-
equilibrium assumed would be modified by one or snother of the soil-
forming influences playing & predominsnt role. From their study of
claypan soils in Nebraske (7) the writers were unable to establish &
(lominant role in rainfall over & range of 13 to 32 inches in which
percolation of water through the soil profile could not he assumed to
occur. The temperature range being very small the effect of surface
drainage in these soils can be visualized but not estimated. In the
present series of soils the rainfall ranges from 8.5 inches to 22.8 inches
snd no definite relation between colloid composition and rainfall
appesrs to exist. While this is the case with dry-land soils it does not
folﬂmr that it is frue of sll soils.

In order to consider more satisfactorily the possible relationship
between the composition of the colloid acid and the femperature, the
dats concerning composition and temperature sre srranged as in
table 44. The empirical composition used for this purpose is the
water-alumina-silica ratios of the profile averages, A study of this
table brings out no consistent rell-)ation between the mesn annual
temperature over & range between 32.6° and 69.0° F. and the com-
position of the colloid acid. The colloids developed at 46.0° and
46.2° I., the Badlands and Spearfish, have essentially the same com-
bined-water content, but the widest spread in silica content found in
the soils examined. The mean composition of the two profiles of the
Kelvin colloid have next to the lowest silica content and the highest
mean snnunl temperature, 68.8° F. They also have & low water con-
tent. On the other hand, the next highest mean annual temperature
corresponds to a soil with more than average water and a relatively
high silice content.

1f it be objected that temperature effects may be expected to be
more marked in the surface portions of the profiles and that, therefore,
such effects are concerled by the use of the mesn values given in
table 44, it appears that the surface colloid composition shows small
variation from the mean values of each profile. These variations,
however, show no consistent trend, and the mean values of the compo-
sition of the surface colloids of the ten soils show no significant differ-
ence from the mean values for the colloids of the whale profile. In
view of the well recognized influence of temnperature upon the compo-
sition of humid soil colloids, it mey be noted that these effects result
from the sction of water. In these soils the relative ahsence of water
minimizes effects of temperature.
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TaisLe 44--Relations belween temperature, rainfall, and proportions of ALO,
8i0y, and Hy0O in colloids from vartous sorls
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1f attention be turned to the effect of parent materials on the compo-
gition of the colloids, more satisfactory relationships can be noted.
The abnormel composition of the immature Spesrfish and Badlands
soils is clearly ascribable to the influence of the parent material. The
low silica and water content of the Kelvin colloids is influenced by the
character of the granites which are their primary source, and this
influence is supp%emented by the absence of caleium carbonate.
The other soils are influenced by the mixture of seolisn material,
shales, and granites, whichin v degrees contribute {o their origin.
It is perhaps impossible, and certainly from available data, o trace the
parts played by each in the varistions of composition observed.

It would seem that in view of all the data available the following
%eneral inferences are warranted: The dry-land soils, including the

hernozem, Chestnut, and Gray soils are characterized by an inorganic
colloid acid approximsating the relation 3H;(0.Al0Q,.4810; with more
or less replacement of the alumina by iron oxide. The pseudoequilib-
rium reached is s resultsnt of the effects of rainfall, tempersture,
vegetation, and drainage upon the parent materisl. The most
important causcs of devistions from normsl composition are due to
the character of the parent material. It is not to be assumed that &
like group of inferences would be valid in considering related soil series
in oiifer great groups whare percolation of water through the profile is
the normal condition. The situation in such cases is under investi-
gatlon.

Whether the hypotheticgl considerations presented are useful or
wartanted there remains this important fact—the dry-land colloids
are strikingly similar.

SUMMARY

A study has been made of the mechanicsl and chemical composition
of 13 soil profiles derived from soils developed under a rainfall ranging
between 8.5 and 23 inches with a mean snnual temperaturs range
between 40° and 69°F. A field descﬁ{i)tion is given of each soil series

and of the particular profile examined. These descriptions include
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stuch information as is available concerning parent material, vegeta-
tion, and climate. The parent material of these soils is of varied type
and includes granites, shales, and acolian and alluvial materials,

The chemical and other characteristics of each profile and the effects
of drainage, chenges with depth, etc., are discussed in connection with
the analytical data on each soil. This is followed by a genersl discus-
sion of the relationships shown by the whole group. In addition to
the detailed analyses the soluble salts and the pH values of the soils
have been determined. The hydroscopic characteristics of the colloids
have been determined at 99-, 75-, and 50-percent humidity.

The analytical results are presented in the form of tables relating
to each soil, and tables of derived data relating to each colloid have
been prepared. The colloids from these profiles have been extracted
and anelyzed. The carbon-nitrogen ratios of both soil and colloid
have been determined and discussed. It is shown that the dry-land
soils and colloids investigated have a carbon-nitrogen ratio which in
the surface materisl is fatrly uniform and lies below the ratio of 10:1.
As a rule also this ratio decreases with depth.

It is shown that the composition of the inorganic soil acid of these
13 profiles has an average composition expressed by the mean silica-
sesquioxide ratio 3.31, silice-alumina ratio 4.07, water-sesquioxide
ratio 2.27, and water-alumina ratio 2.78.

The mean water-vapor absorption of the colloids at 99-percent
bumidity compared witﬁ that at 75-percent humidity hes a mean value
of 2.14. This is found to be the most uniform characteristic of the
dry-land colloids.

It is inferred from the data that the dry-land secils under their en-
vironmental conditions tend to produce & colloid of the yrophyllic
acid type, or one dominated by an approach toward the i£3a1 COmpo-
sition of the inorganic complex 3H,0.AL,0,.48i0,. Various influences
modify the composition but in these soils the most effective cause of
variation is assumed to be the parent material.

LITERATURE CITED

(1) ArExanpen, L. T, and Byers, H. G.
1932. A CRITICAL LABORATORY REVIEW OF MKTHODE OF DETHRMINING
ARUANIC MATTER AND CARBONATES IN sorn, U, 8. Dept. Agr,
Tech. Bull. 317, 26 pp., illus.
(2) Anpsrsox, M. S.
1929, *HE INFLUENCE OF BUBSTITUTHD CATIONE ON THE PROPERTIDS OF
S0IL COLLOIDS. Jour. Agr. Research 38: 565-584.
(3) and Brers, H. G
1031, CHARACTER OF THE COLLOIDAL MATERIALS IN THE PROFILE OF CER~
TAIN MAJOR 80IL GrROUPH, 1. 8. Dept. Agr. Tech. Bull, 228,

24 pp.
4 and Ban.s, H. G,
1934. THE CARBON-NITROGEN RATIO IN RELATION TO BOIL CLABBLFICA-
TioN. Soil Sel, 38: 121-138.
{5} BaLey, BB, H.
1932. TR EFFECT OF AIR DEYING ON THE HYDROGEKN-ION CONCENTRA-
TION OF BOIL:S OF THE UNITED STATHS AND CANADA. U, 8, Dept,
Agr. Tech, Bull. 201, 44 pp., illus.
(6) Broww, I. C,, and Brems, . G.
1932, TR FRACTIONATION, COMPOSITION, AND HYPOTHETICAL CONSTITU-
TION OF CERTAIN COLLOIDE DEHRIVED FROM THE GREAT BOIL
arours. U. 5. Dept. Agr, Tech. Bull, 318, 44 pp.
Rice, T. D., and Brere, H. Q.
1933, A BTUDY O¥ cLaYPAN soms. U, 8. Dept. Agr. Tech. Bull. 390,
43 pp.




.
CHEMICAL AND PHYBICAL PROPERTIES OF DRY-LAND 80ILS 55

{8) Br=rs, H. G. :
1933, THE CONSTITUTION .OF THE INORGANIC BOIL COLLOIDS. Amer.
(-_9} 8oil Burvey Assoc. Bull, 14: 47-52.
1934. SELENIUM, VANADIUM, CHEOMIUM; AND ARSBENIC IN ONZ BOIL.
Indus. and Engin. Chem,, Nows Ed. 12: 122,

(10)

1935, sELENIUM OCCURRBNCE IN OERTAIN S0OIL8 IN THE UNITED STATES
WITH A DISCUSSION OF RELATED Torice, 1. S. Dept. Agr.
Tech. Buli, 482, 48 pp., illus.
(1) AvexinpEn, L. T., and ﬁomms, R. 8.
1935, TEE 'OOMPOSITION AND CONSTITUTION OF THE COLLOIDS OF CERTAIN
OF THE GRBAT GROUP2 OF B0IL8. U, 8. Dept. Agr. Tech. Bull.
484, (In presa.}
{12} and ANDER#ON, M. 3.
1932, THE COMPOBITION OF HOIL COLLOIDS IN RELATION TO S0IL CLASSI-
FICATION, Jour, Phys. Chem, 36: [348}-366.
{13} Carrer, W. T., Beck, M. W., Srnxy, W. W., Henoriczson, B. H,,
Dnvsnnux, R. E, Hnwmn, H. W, and Gms, H. V.
1928. 801L SURVEY (RBGONNAI&SANOE) OF WEGT-CENTRAL TEXAS. U, 8,
%l)ept Agr., Bur, Soila Field Oper, 1922, Rept. 24: 2041-2131,
illua.
Corrry, G. N., Riep, T. D., and party.
1912, nsco’xnomswc;a BOIL S'JRVEBY OF WESTERN Kansis. U. S, Dept.
Bur, Soils, Field Oper, 1910, Rept. 12: 1345-1442, illus,
CoLLiNs, W D and RirFexsura, H. B.
1027. QUALITY OF WATER GF PECOS RIVER IN TEXAS. U. 5. Geol. Survey .
Water Supply Paper 596: 67-88, illus.
CrowTHER, E. M.
1930, THIE RELATIONSHIF OF QLIMATIC AND GEOLOGICAL FACTORS TO THB
COMPOSITION OF BOIL CLAY AND THE DISTRIBUTION OF BOIL
TypEs. Roy. Sce. {London], Proc. {(B) 107: 1-30, illus.
{lugamMAN, A. S
1805, THE EFFECT OF WATER ON ROCE PowWDERE. U. 8. Dept. Agr., Bur.
Chem. Bull. 92, 24 pp., illus.
and HosmarD, P
1807. THE DECOMPOSITION OF THE FBLpsrars. U. 8. Dept. Agr., Off.
Pub. Roads Bull. 28, 29 pp., illus.
Dartow, N. H., and Paics, 8.
1025, CENTRAL BLACE HILLE FOLIO BOUTH DAKOTA. U. 8. Geol, Burvey,
Geological Atlas of the United States no. 219, 34 pp., illus,
Davis, R. 0. E.
1927. THE USE OF THEP BLECTROLYTIC BRIDGE FOR DETERMIWING SOLUBLE
sanTs. U. 3. Dept. Agr. Cire, 423, 14 pp,, illua.
Denison, 1. A,
1980. THE CHEMICAL COMPOSITION OF COLLOIDAL MATBRIAL ISOLATED
FROM THB HORIZONS OF VARIOUS BOIL PROFILES. Jour. Agr.
Research 40: 4(09-483.
Ecruannw, E. C., Batpwiv, M., and CareenTeg, B. I
1928. 801L SURVEY OF THE MIDDLE GILA VALLEY AREA, ARIZONA. U. 8,
Dept. Agr., Bur. Scils Field Oper. 1917, Rept. 18: 20872118,
illus.
HoLmes, R. 8.
1028. YARIATIONS OF THE COLLOIDAL MATERIAL IN TYPICAL AREA8 OF
THE LEONARDTOWN BILT LOAM 801L. Jour. Agr. Research 36:
459-470.
and Fpemeron, G.
1930. VARIATIONS OF THE QOLLOIDAL MATERIAL BXTRACTED FROM THR
80ILS OF THE MIAMI, CHESTER, AND GECIL 8ERIES. U, 8. Dept.
Agr. Tech. Buil. 229, 24 pp,, ilus.
Jenny, H.
1920, KLIMA UNDP KLIMABODENTYPEN IN BURCPA UND IN DEN VEREINIC-
TEN BTAATEN YON NORDAMBRIEA. Bodenk. Forschuugen 1;
139-189, illus.
KeLLoag, C. E.
1834, MORPHOLCGY AND GENESIB OF THE BOLONETZ SOIL8 OF WEBTERN
NORTE DAKOTA. Soil Sel. 38: 483-500, illua.




66 - TECENICAL BULLETIN $02; UsS. DEPT. OF AGRICULTURE

(27) Lus, W. T. :+,

1807. WATER BESOUHRCES .OF THEE RI0 GRANDE VALLEY IN NEW MEXIU0,
AND THEIR DEVELOPMENT. TI. B, Geol. Burvey Water Supply
and Irrig. Paper 188, 59 pp., illus.

(28} Leienry, W. R., ard Buorzy, E. C.
1930. BOME CARBON-NITROGEN RELATIONS IN goiLs, Soil Bei. 30: 257-266.
(28) Magsur, C. F
1835. BOMLA OF THE UNITED BTATES, Jn Atlas of American Agrioulture
. pt. 8, Advance Bheets no. 8, 98 pp., illus.
(30) Mipprzron, H. E.

1928. THE ADSBORPTION GF WATER VAFOR BY BOILS AND 80IL COLLOIDA.
First Internatl. Cong. Soil Sci. Comn. 1, Proe. and Papers 1:
446-455, illus,

(31} - BraTes, C. 8, and Bysrg, H. G,

1932. PHYBICAL AND CHEMICAL CHARACTERISTICS OF B0ILS FROM THE

gnﬁoaginr EXPERIMENT 5TATIONS. U. B. Dept. Agr. Tech. Bull
16, p.
{32) Srarer, C. 8., and Byexns, H. G.

1934. THE PHYBICAL AND CHEMICAL CHARACTERISTICE OF THE BOILS FROM
THE EROSION EXPERIMENT BTATIONS —BECOND REPORT. U. 8.
Dept. Agr. Tech, Bull, 430, 63 pp., illus.

(83) NEeusow, J. W., and Houmes, L. G

1915. HOIL BURVEY OF MESILLA VALLEY, NEW MEXICO-TEXa8., U, 8. Dept.

Agr., Bur. Boiis Field Oper. 1912: Rept. 14: 20112045, illus.
(34) O'Harra, C. C.

1810. *HE BADLAND FORMATIONS OF THE BLACK HILLS REGION. 8. Dak.

8chool Mines, Dept. Geol. Bull. 9, 152 pp., illua.
{35) OrMeTRAD, L. B,, ALEXANDER, L. T., and MipprEeToN, H. R.

1930. A FIPETTS METHOD OF MECHANICAL ANALYSIE OF BOILE BABED ON
IMPROVED DISFERSION PROCEPURE. U. B, Dept. Agr. Tech.
Bull. 170, 23 pp., illus.

(36) REIFENBERG, A.

1833. DIE ELABSIFIEATION DER BODEN AUF GRUND DER ZUSAMMEN-
EETZUNG IHREH EKOLLOIDFRAKTION. II. DIE KLABSIFIEATION
AMERIKANISCEER RODEN. Ztschr. PHanzenerniihr., Diingung u.
Bodenk. (A) 29: 155-162, illus.

Ricuarpson, G, B.

1903. THE UPPER RED BEDS OF THE BLACKE HILLS. Jour. Geol. 11:

365-393, illus.
RosiNson, W. O.

1922. THE ABZORFTION OF WATER BY BOIL COLLOWDS. Jour. Phys. Chem.

20: [6471-653.

1930. METHOD AND PROCEDTRE OF BOIL ANALYSIS USED IN THE DLVISION
OF BOIL CHEMISTRY AND rHEYSICB. U. 8. Dept. Agr. Cire. 130,

D.
Enamé?ronr, G., and Byees, H. G.
1935, CHEMICAL 8TUDIES OF INFERTILE S0ILS DERIVED FROM ROCES HIGH
IN MAGNESIOM AND GENERALLY HIGH IN CHROMIUM AND KICKEL.
. 8. Dept. Agr. Téch. Bull. 471, 29 pp.
Rosinson, W. O. and Howues, R. 8. -
1924, THE CHEMICAL COMPOBITION OF §0IL CoLLeiDs. U. 8. Dept. Agr,
Bul. 1311, 42 pp.
Sweer, A. T., and BocersnsmIiTs, R. D.
1034. CHARACTERISTICS INDICATING DIFFERENCES IN MATURITY IN BOILS
OF THE SEMI-ARID REGIONB. Amer. Seil Survey Assoc. (Rept.
Ann. Meeting 14) Boll. 15: 34-38.
WirLiams, R.
1932, THE DETERMINATION OF EXCHANGEABLE DAGES IN CARBONATE BOILS,
Jour, Agr. Sci. {England] 22: [838]-844, illus.

1932. TRE CONTRIBUTION OF CLAY AND ORGANIC MATTER TO THE BASE
EXCRANGE CAPACITY OF Boitd. Jour. Agr. Sci. [England] 22:

[845}-851.
O




i v g s ik o 2% e




