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INTRODUCTION

In the intensive investigations of soil colloids, which have engaged
the attention of soil chemists in recen* years, it has been customary
to regard the material separeted frow: a given soil by dispersion in
weater as essentislly homogeneous. It does not foﬁow, however,
thet it hes been considered a chemical unit., The material extracted
has ususlly been considered as fairly representative of the total
colloid, although a eoruplete separation of the colloid is never obtained,
In the work by Bradfield {9)* the materiel not separated from a
suspension of Putnam silt loam subsocil after 30 days’ standing was
separated info three fractions by means of & centrifuge, and two of
these fractions were analyzed and the difference noted snd commented
upon. In the work of Gile ef al. {1§) attempts were made ic frac-
tionate the colloid materisl of several soils by repeated dispersion
and separation by the cenirifuge. The absorpiive capacities of
these fractions of the fotal “extractable” colloid were determined
and though differences were noted, the conclusion reached was thet

“on the whole the different fractions were similar in absorptive
capacity to the first sample extracted.” In the work reported by
Robinson and Holmes (28) the chemieal analyses of the same frac-
tions are given, and agein, though differences were noted, the con-
clusion was reached thet there is comparatively little variation in
the composition of the colloidal material extracted from the same
soil. In the same bulletin Robinson and Helmes reported the result
of their efforts to fractionate soil colloids by preclpltation uliy by freez-
ing and thawing. The results were negative. Also, m the bulletin by
Gile et sl., previously cited, the authors eoncluded {75, p. 38):

1 Italiz numbers In parentheses refar to Literatnm Cited, b 42,
119967°—33—1
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The adscrptive capecity of s small sample of extracted eolioidal materinl
differs by about 1) per cent from the adearptive capacity of all the eclloidal mate-
rial which is extraetable by the methods cmployed. However, the colloidal
material which can not be extracted has, in many soils, & much lower adsorp-
tive capacity than that which is exiractable.

Iwanow (18) separated the colloidal material from the sodium-
saturated chernozem soils andwfter redispersion filtered the suspen-
sion through a Birkfeid filter. After evaporation, ignition, and
leaching with water, he analyzed the residue and compared the values
so obtained with the analyses of the colloid retained by the filter.
The results obtaired showed striking differences in the colloid frac-
tions, but the results are not very significant since the material
passing the Birkfeld flter contains not only the very small colloid
particles but also the ash ef the orgame material and soluble inorganic
material. ‘The fine material estimated to be 0.1 micron in diameter
sonstituted about 4 per cent of the extracted colloid.

Denison (14) attempted the {ractionation of the cclloid from certain
horizon+ of three soil types, &8 Durham sendy loam snd a Cecil sandy
clay loam from Georgia, and a Cecil clay loam from North Carolina.
He confined his attention to portions of the C horizon, since previous
work on A and B horizons hed indicated the existence of no marked
variations in the colloid fractions obtained by successive dispersions.
His methed of extraction is deseribed by him as follows: (14, p. 476~
477 )

The first fraction was made as follows: A 10 to 20 g 2 sample of soil material waa
moistened with water and the mass worked to a somewhat plastic consistency
hy rubbing the particles between the fingers. A small quaniity of water made
alkaline with ammeonia wsas then added and after settling for a few minutes the
suspension was decanted into a 500 ¢ ¢ glass cylinder. The settled portion was
rubbed between the fingors as before, and the process repeated until the cylinder
was filled. The suspension was now allowed to settle until microscopic exami-
natiop showed that the suspension to s certain depth was practically free of
particles more than 1 micron in diameter. The colloidal rolution was then drawn
off to this depth and evaporated to dryness. The second fraction was prepared
in & similar menner except that the silty material obtained by removel of the
greater part of the colloid (explzined under Methods) was employed instead of
the soil materiasl. In preparing this second fraction about 50 g of material
were dispersed in 3 liters of waler (alkalipe to phenclpthalein) contained in a
beaker and the colloidal solution drawn off when nearly all parficles more than
1 micron in diameter had settled. The guantities of colloid obtained in all
cases were very small, averaging not more than 0.5 g.

The results obtained from such small fractions were somewhat
inconelusive, but were so remarkable as to warrant 4 more extended
investigation. The present investigation was begun for the purpose
of extending the work of Denison, and large samples of the soils from
the same localities were obtsined by one of the authors. In the
interval hefore securing these samples a preliminary examination of
the Davidson clay loam subseil was made, and the results indicated
the desirability of an alterstion of the method to be employed. As
the date wers sccumulated it became apparent that they threw
much light upon the question of colloid constitution and soi origin,
and they have therefore been made the basis of a brief general dis-
cussion of these topics. .

% g is the abbroviation for gram or grams.

3
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COLLOIDS DERIVED ‘FROM THE. GREAT SOIL 'GROUPE-

PRELIMINARY, STUDY = -

A preliminary study was mede on the B, horizon of a sample of
Davidson clay loam collected 9 miles north of Greensboro, N. C.,
by R. C. Jurney, of the division of soil survey. Ztis the same sampla
on which complete profile dats are reported by Middleton (22).
The silica-sesquioxide ratio of the colioid of the B; horizon is 1.50.
The colloid content by mechanical analysis is 64.8 per cent.

The fractionation of this soil was effected as follows: One kilogram
of the sir-dried soil was well shaken in 18 liters of N/200 sodium
oxalate solution and poured through & 80C-mesh sieve. The resulting
suspension had & pr of 8.4. Afier 20 hours the suspended portion
was syphoned off and filtered. The operation wes repested 15 times
with the filtrate as & dispersing agent, until the supernatant liguid
was clear after standing 20 hours, The suspended particles werse
1 micron or less in diameter, The residual material was then dis-
porsed in the same menrner as Iater described for the size fractionation
{step 8) and_all the colloid obtained that could be centrifuged off
after eight dispersions with N/209% sodinm oxalate. The residusl
material wea then dispersed and cenirifuged eight times with N/400
sodium hydroxide solution.

The residual material was again dispersed, using N/200 sodium
hydroxide solution as a dispersing agent. This operation was repeated
eight times. The total colloid obtsined in the four fractions was
441.4 g when dried ¢n the steam bsth. Examination of the ma-
teria] which failed to pass the 300-mesh sieve, as well as the silt and
clay fractions of the repeatedly dispersed material, revesled the
presence of much undispersed material.

A recapitulation of the method of extraction and the snalyses of
i"e four fractions of collloid are given in Table 1.
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TasLe 1.—Chemical compesition.of succeasive fraciions of calloids Jrom Duvidsen
_ tlay toam, B, horizon - :
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An examination of the data of Table 1 reveals the fact that no
serious segregation of colloid fractions of varying composition wes
produced. :

It will be observed that the first fraction obtained by subsidence is
glightly richer in silica and poorer in iron oxide than is the fraction
which represents the bulk of the extractable colloid. Tts silica-
sesquioxide ratio is therefore somewhat higher. -The more difficultly
extractable colloid fractions also have a somewhat higher silica-
sesquioxide ratio. The third and fourth fractions are richer in total
beases and have increasingly higher ignition losses than the second
fractions. It might be inferred lgegiﬁmately, therefore, that increasing
amounts of partly hydrolyzed or wholly undecomposed minerals
were being brought into these fractions. This is in agreement with
the results obtained by Robinson and Holmes (28). Any far-reaching
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inferences arr; however, not warranted and the general conclusion
was reached that more satisfactory results might be obtained by
attempting the fractionation on the basis of size distribution, the
results of which effort form the body of this bulletin. The size separa-
tion of the colloidal materizl was msde not only on the colloidal
material, as ordinarily separated from soils, but was slso carried out,
as later deseribed, on the colloid material ordinarily described as
“ynextracted’ colloid (74, p. 19).

DESCRIPTION OF SAMPLES

The soils investigated in this study were selected in tke first instance
to obtain colloids that were presumably mixtures of materials and
that might therefore be expected to furnish fractions of diverse com-
position. They are also soils of which the laboratory possesses com-
plete profile samples upon which considerable work had already been
done. As the work developed it seemed desirable to include two
samples of less weathered soils which, oxt the basis of information at
hand, were not to be -expected to show widely different fractions.
The samples chosen and their deseriptions are tabulated in Table 2.

Taprz 2,-—Descriplion and location of soil samples

Boll typs Depth Eg;i' Description Parent material

Tuches
Arnarillo silty sy | 10-20 Rich-brown celor with | High plains de- | Nash, Tex.
oam. faint tint of red. posits. .
Marshali silt loamn_ |  0-14 Dark-browsa color, mod- | Loe Man E nard,
: eraiely egmpect but Nabr.
friable and easily crom-
bled, plastic, and
sticky whan wet.
Becket silt loam | 13-24 | B 1 | Yellowish-brown. grad- | Glaclal till from | Washington,
ing to pale yellowish- crystallinegpl- | Mlass.
hrown color, frinhle. cATBOOS TOCkS.
Durhem sandy lnem.| 90-102{ Ca | Very light gray slightly | Granite_._...__.| Btone  Mono-
decomposed rock. . Ga.
Dovldson clay loam.] 936 | B: | Reddish heavy brittle G;?aélsb oro,

ay. -C.
Cecil clay 36~72 | B 1 | Redstiff briftle clay R%Ith%rfordtnn.
Gt]:eil saudy ofay | 180-106) C | Grayish-brown disinte- Stova  Moun-
oam.

ted rock. tain, De
e Kalb 'Coun-

ty, Ge.
Cecll dday loam 1124 | Oy | Gray soft disintegra i Rutherfordton,
rock. N. 0.

The mechanical and chemical analyses of the samples are given in
Tables 3 and 4, respectively.
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TasrLz 3.—Mechanical composilion of soil samples

Fins Coarse. | Madhum
Hori- gravel sand | snod 0.5

Boil Y Dapth
op P 08 |2’ mm [1-0.5ms | 0.25 mm

* Per cend t For cond | Per eend

Amarille silty clay lopm... 0-20 0.0 6.1 0.2
Mershall =il -0 .1

a1 55 &

2 16 }" b

Ceei) clay lonm - 14,

et sy clay loam . 4

Cecll clsy loam 1&

.1
9
3
)
G
4

Inorganie]
colleld

<§fg2 with Ha(h

Perceml | Per cent
428 Ll
27.8 4.3

5.5 [ %)

1

Amagrillosilty clayleam. .-
Murshal] st lesm__ _.
Becket sit lcam.. _____
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Cacil spndy clny vam -
Ceci clay losm 1124
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TaBLE 4.~—Chemical composition of soil samples

Fasly
Molecular
ratio
BiCy
Feala-+ AL

MgO

E3A

3
B ]
o
u:g
%

Amarillo silty clay logm. ...
Marshall silt leam. .

Becket slit Joara.___

Durhgmn sendy loam_ -
Davidson clay loam_

Ceclt ¢lay loam.

Ceel] sandy elay loam.

Cocil clay loam

Mo MBS o
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PR,
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Durhom sandy 1o
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METHOD OF EXTRACTION GF THE COLLOID FRACTIONS

. The colloid was separated frem the seils ‘and fractionsdted by the
use of two Sharples supercentrifuges (6). The larger of these had a
maximum safe operating speed of 17,000 revolutions per minute and
a bowl diameter of 4 inches, therefore developing at this speed 17,000
gravity. The smaller centrifuge bad & maximum operating speed of
- 40,000 revolutions per minute, a bowl diameter of 2 inches, and de-
veloped 40,000 gravity.

One-half to 2 kg of soil were dispersed with 10 to 15 liters of water
in a stirring apparatus described by Holmes and Edgington. (I7), to
which was added just sufficient ammonium hydroxide to render the
suspension feintly alkaline. The liquid was allowed to stand suffi-
ciently long for the sands to settle and this supernatant liquid decanted
through a 300-mesh sieve. This operation was repeate% until a total
of about 20 gallons of suspension was obtained. '

The suspension of fine silt, elay, and colloid was then run through
the larger centrifuge operating at 17,000 revoluticns per minute and
the liquid poured through at a rate of 1 liter per 35 seconds. The
liquid was filtered through Pasteur-Chamberland filters. The ma-
terial left in the centrifuge bowl was.then redispersed by rubbing
between the hands and by agitation in the stirring apparatus. The
water used for this operation was obtained by filtration of the pre-
viously separated colloid. This operation of centrifuging and re-
dispersing was continued from 5 to 10 timee until the liquid from the
centrifuge showed almost no colloid content, i. e., the liquid showed
but faint opalescence. . o

The colloid so collected on the filters contained no significant num-
ber of particles of & dizmeter grester than 0.3 micron, as shown by
examination with an ultra microscope. The residue of colloid coarser
than 0.3 micron was separated from the fine silt and clay by exactly
the same treatment except that the rate of flow through the centrifugs
was increased to 1 liter per 17 seconds. 'This part of the colloid was
separated by filtration. = Examination of this fraction with the ultra
microscope revealed the presence of no significar . number of particles
larger than 1 micron and surprisingly few of less than 0.3 micron.

The noncolleidal residue was then separated into two fractions by
redispersion and certrifuging at a zate of flow of 1 liter per 4 seconds,
with a centrifuge rate of 7,000 revolutions per minute. This opera-
tion had to be repeated several times in order to effect complete sepa-
ration into fractions 1 to 5 microns and 5 to 50 microns, respectively.
The clay fraction was collected by filtraticn; the fine silt remained
in the bow!l of the centrifuge. o

In order to separate the fraction of colloid of a 0.3 micren and
smeller sizes into two fractions, the small supsrcentrifuge was em-
ployed. This eclloidal material was again dispersed and run through
the centrifuge at a rate of 40,000 revolutions per minute and s rate of
flow of 1 liter per two minutes. The centrifugate contained from 25
t0 60 per cent of the colloid so treated, and by the ultra microscope
the particles so obtained were exceedingly minute. This fraction is
estimated to contain no significant number of particles greater than
0.1 micron.
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The same water was used }.hroughout the series of separations and
at the end had a pH value ranging from 8.3 to 8.7. :
T Ele method of separation and its results are recapitulated in
abie b. .

Tisve 5.—Fraclion sizes of poriicles ai various steps in the process of exiracting
* T the colloids

Rate of
~ Gruvity | fow per Particle slep

Centrifuge
e Heer

Reratutlons
per minute Seconds
. 40, 000 120 | <0, 3u feollold).
17, 003 \ 87 | «0.3x {eoliold),
17, CiG A 18 | 0. % to 1,0u {coliotd),
T, 000 4 1uto 5u felay),
fu to B eilt),

It is to be emphasized that, in order to obtain the size separation
shown in Table 5, each operation was repeated from 5 to 10 times,
until the centrifugates obtained showed that no further separation
would be effective in materially incrensing the quantities of the sue-
cessively smaller fractions. Considerable differences in the rapidity
with which the operations were completed were noted in the different
solls. The quantities of colloid so obtained were always smaller than
those indicated by either the pipette method of mechanical analysis
(25) or the water vapor absorption method (26), except in the case of
the C, horizon of the Cecil clay loam, where the amount extracted is
essentially the same #s the percentege indicated by mechanical
analyses. It is recognized that both methods are approximations
and that the pipette method includes particles of the sizes 1 to 2
microns. Nevertheless, the differences between the srnounts ob-
tained and those indicated by the mechanical analysis (Table 8) were
sufficiently wide to encourage attempts 2t further extraction. It has
been shown by Olmstead, Alexander, and Middleton (25) that in-
crensed dispersion mey be effected by using sodium hydroxide at
pH values well above 7. Three of the samples under investigation
were therefore selected, and the combined silt and clay fractions were
redispersed, using pH values of 10.5 to 11.0, The quantities of col-
loid (<1} extracted by the two methods are given in Table 6. -
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TABLE 6.—Quantilies of colloid exiracied from the z0il samples by using two methods

Colloid, Collold,
percentage | parcentage
of whois | of whols
Eoil type “*‘B%‘t'édﬁ _

water any
ammoeonia, [sltend alay
rH 1-8.7 {raction

Inckey
Amarilla siity rlay loam i
Marshall silt leam - 0-14
Becket silt losm 13-24
Durham sandy leam 90-102
Davidson play loam 538
8278 | Cecll clay lonm. 3~-72
Cecll sandy ¢lay Joam - 150-168
Cecll clay loam 124

After extraction with sodium hydroxide the silt and clay fractions
were examined by W. H. Fry and found to contain very small quanti-
ties of residual colloids. It wili be observed by comparison with the
data in Table 3 that there is a considerable margin between the total
colloid éxtracted and the sum of the colloid and organic matter by
mechanical analysis. A part of the discrepancy is accounted for by
the fact that the concretionary colloid remaining with the sands on
the 300-mesh screen is not included in the samples examined. A part
i3 to be ascribed to the fact that the colloid by mechanical analysis
includes the particles up to 2 microns. It is also to be kept in mind
that unavoidable losses oceur in extraction operations. On the whola,
the fractions of the total colloid ineluded in the analyses represent an
unusuelly large part of the total colloids present in the soils.

METHODS AND RESULTS OF THE EXAMINATION OF THE FRACTIONS

The soil fractions, obtained as described, of the eight soil horizons
from seven differsnt soils were examined by subjecting them to fusion
analyais, using the methods described by Robinson (27). The water
vapor absorption over 3.3 per cent sulphuric acid, over 30 per cent
sulphuric acid, and the heat of wetting were determined as dgscribed
in previous publicattons of this bureau {1, 21, 26). The data obtained
are given in Tables 7 to 16. Bach determination was made in dupli-
cate and the individual determinations and their mean values are
recorded. : _ '

The sequence of the tables is not that in-which the data were ob-
tained, but the tables are arranged in the order given for convenience
of discussion and because of reletionships brought out in the general
discussion.

119967°—32——2
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Tanue 7.—Chemical composition of fractions of soil colloids, clay, and silt from @
southern chernozem, Amarillo silly clay loam, horizon 2, 10~20 inches depth
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The dats presented in Table 7 show the chemical composttion of
the fractions of the second layer of Amarillo silty clay loam. The
material used i8 o part of the same profile sample reported on by
Andersen and Byers (3). It is a representative of the southern
chernozems, and the whole profile is characterized by marked uni-
formity of the colloid, in particular of the first three horizons, in
which thesilica-sesquioxide ratio is:3.16,3.08, and 3.13, respectively:
The colloid content {<0.002 mm}, as shown by mechanical analysis;
is 23.9 per cent in the upper layer ard 42.8 per ceni in the stratum
examined. In the first three fractions represented in Tahle 7, 31.7
per cent was extracted. Thelargest fraction, 19.1 per cent, consists of
the particles of smallest size, i. o., smaller then 0.1 micron.

The chemical anelyses of the fractions reveals & wvery striking
similarity between 0.1-micron and 0.3-micron fractions. The silica-.
sesquioxide ratios are identicel. The chief difference isin the organic
matter. The mean value of the organic matter is 4.02 per cent, and
the smaller value in the finest fraction indicates & low degree of decom-
position of the organic matter, a fact quite in harmony with the low
rainfall of the region in which this soil occurs. There is a moderate
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difference in the combined water of the finer ¢olloid fractions, which
is clearly significant of a higher degree of hydration of ‘the finest
- particles. Indeed there are no marked. differences in the, t.hrea frae-
tions of colloid, except that in the fraction 0.3 to 1 micron the s hily
inéreased mhca—sesqmo‘xlde ratio, the silica-aslumine ratio, an g the
silica-iron oxide ratio all peint to the presence of quartz particles in
colloidal form, especially when considered in the light of the,enormous
increase in these ratios in the clay and silt fractions. That quartz is
present in the clay fra.ctlon is estabhshed by pebmgmphlc niier oscopm
indpection by W. H. ¥

Tn this colloid thers is some. indication of increase in the iron-oxide
content of the finer fractions of the colloid, 2s indicated by the silica-
iron oxide ratio, though the alteration is not ]a.rge The change of ratio
of iron oxide to the slumina also indicates a slight tendency of the
iron oxide to drift to the finer particles. -

All thess ratios, together with the constaney of the moleculsr ratio
of the silica to the sum of the bases present in the eolloid fractions;
may be taken to indicate in thig colloid the presence of an acid complex
of constant composition. This conclusion is in harmony with the
dsats on the colloids of the whole profile presented by Byers and
Anderson (10).

The material used for the dats i resented in Table 8-is from the
surface layer of the soil profile of Marshall silt loam, on which data
are reported by Robinson and Holmes (28) and also by Byers and
Anderson (10). It is o northern prairie soil developed under much
the samse conditions as the Amanﬁo soil but with a sufficiently high
rainfall to prevent the accumulation of a layer of caleium carbonate.
It is to be noted that this is a surface soil material, wheress the
Amarillo is 2 lower stratum. With this in mind the similarity of
the two colloids is striking. Although the Amarillo soil has a iower
total silica content than the Marshall, the colloid of the Amarillo iy
about 5 per cent higher. This faet, coupled with the small but definite.
increase of the silica-sesguioxide ratio with i increasing p&rt.lc]e size,
may be taken to indicate that the process of removal of silice from the
finer fractions has been operative as the process of. weathering has
developed. However, leaching has rot been extensive, though it is
sufficient to prevent calcium carbonate sccumulation. :

In both the Amarillo and Marshall soils, the silics-base ratio doss
not alter sharply until the clay-size particles, 1 to 5 microns, are
reached, .and it 18 of essentially the same order of magnitude.. This
may be taken to indicate the same type of acid complex in both soils.
This conclusion is also in hermony with the general similarity of ‘the
. silica-iron oxide and silica-slumina ratios, & menmng of the de-

. crease, of the silica-base ratio in the 0.3-micron fraction of the colloid
is not clear, -

In the Marshall soil, there is a smaller qua,ntlt.y of orgatic mat.ter
in the smaller fractions of the colloid and an incressed combined

water content. These facts again point, as in the Amarillo soil, to
" greater hydration of the finer %ractmns of inorganic colloid and t0.8

less de%ree of decompaosition of the organic material.

In the Marshall eolioid fractions there is & small but definite
decrease in the relative irnn-oxide content of the coarser particles,

11 is to e ohserved that the sillca-base ratle Is not qu!!a valid in detalled considetstion axespt [n Tables 7
a?d 8, ﬁ-saigm :{):]a other colloids were extracted, using a small quantity o1 ammonls, thus removing & portion
of exchangeabls
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which becomes marked when the ‘clay size is reached. This is, as in
the énse of the Amarillo.soil;-to be expected as indicating a tore
extensive }_:tydr.olytm decomposition of -the finer particles. ¢

TABL}.!.'; 8.—0&@15;:0!'co:;a;;:asition_of f}d'ctibr‘;s £ { sa‘c;l Eallm'da, cley, and il from &
northern prairie soil, Marshall &ilf [oam, 014 Tnches deplh
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The data of Table 10. show the composition of the B, horizon of
Becket silt loam. The sample examined is a part of the profile sample
reported on by Anderson and Byers (8). The B, horizon is & very
thin highly ferruginous layer., Thé B, horizon was chosen for this
study es representing a more nearly formel B horizon of the podzol
type and because an abundance of the sample was available. -

here are a number of striking contrasts between results obtained -
with the podzol B, and the subsurface soil colloid of the Amarillo
soil (Table 7) and the surface soil colloid of the Marshall soil. (Table
8.) The silica content is less than half that of the soils mentioned
and in the finest fraction (0.1 micron) is approximately one-third.
This is in part due to the enormous content of organic matter, but
even on the inorganic basis the relative quantities of the three cited
constituents taken as’ 100 are as shown in Table 9 for the 0.1-mircron
fraction. T o '

The variation among these three soils is obviously much more

marked in the ironm oxide content and is apparent for the almuina.
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The wide differences in the character of the colloid. are;  of courss,

_also indicated by the silicg-sesquicxide ratio, the: silica-iron oxide

ratio, and the silica-elumins ratio.~ L4 0 oo

Tante :9.~The relative. silica alumt:ﬁa,-.&;nc’i_“ﬁon-oﬁds mteﬁ;.of the. O.IP'IImo.-
s tion of the Becket, Amarillo, and Marshall colloids ‘
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" There is in the Becket soil & much mors pronounced sengegation of
‘iron oxide in the direction of the smaller particle sizes and this segre-
gation is evidenced also in the distribution of the alumina.

The sharp differentiation which oceurs in the Amarillo and the
Marshall soils between the largest colloid particles and clay does not
appear in the Becket soil until the silt size is reached, and even here
the contrast is not so great. Therelation between the total base con-
tent and the silics in the Becket is of considerable interest. The ratio
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is smaller than in the mors neatly -sa_t.u.fgtedmolloids and altersmp:dlv

with.ipereasing particlé size. ;This ¢ondition is probsbly Gue.fo the

-

enormous organic content and does not indicate even a close approach

to saturation-of the-colloid acid ‘somplex.” The pH wvalie for this soil -
19 4.1 and-the bass saturation is but 16.8 per.cent {3}, The organic-
master content is greatest in the finest particles, whick is in contrest
with the Amayillo and Matshall colloids. Since the Becket profile
has & miuch greatér organic content in the B hLorizon than in ‘the
bieicherde (10),.ths inference may be drawn that not only is the or-
anic maatter of the Becket soil ;gecomposed £0 an advancéed degree,
but thaf it has been carried -down through the profile in intimste
association, perhaps chemical combindtion, with the iron of the
colloid. Thatit exists in the B horizon in chemical combination. doef

not follow. (See Genersl Discussion.) - -

Tapre 11.—Chemical_composition qf Fractions of colloids, clay, and st from o'
lateritic sodl, Dnv':'d_san day doam, By horizon, §-36 inches depth L

i

Moleular ratlo

Bi0y
1Oyt Forly

Bidy
A0y

g
i1
g

Per eend
149

[<0p e
Duolicat -

Mesn

BRag

P N TP

gpg
RoBREREE

. {G.:‘!h—l;.l.. PR
ta

| /% P —

[~}
®
wa
o

gRgssIasseary

&

a4

f2u-Eu.

ean

[T T A
Danieat -

)

o
=i
RENEREsseRrnnsy

RTAN

PR NN H e e e b s e
EBERESaNNIRRRANRRSS

BEB
AIuBRE

Mean

 pppEEeR
Befototid R

‘Fraction '
«af whels ¢
sofl |

H
r*m-'r-mh?%
n-.h.sgtin::g
D& AE

B

(]
=]

Jagansaps;

e
cals,
Mann

I

SEREEETE LY

bt et o
e

SEgnRenme:

E

bt adid]

e e T o i et A e R RO

N 2 ST
Eooeeediasarki

R A T -
e e g

cala
e



http:Dup.licate-------.50
http:Duplicate_---.~-----.63
http:RhorizOli.in
http:Thatitexists,.in

£OLLOIDS DERIVED FROM THE GREAT EOIL GROUES 15

Tn Table 11 are shown the snalytical data for the fractions of the
B, horizon of Davidson clay loam. This sample is a part of the same
profile reported by Middleton (22). The soil is & mature red soil from
the piedmont sres end is highly lateritic, as indicated by the silica-
sesquioxide ratio. The iron oxide content of the soil is lagh, In the
A horizon it is 6.1 per cent; in the B, horizon, 16.62 per cent; in the B;
horizon, 14.87 per cent; and in the C horizon, 13.37 per cent (22).
While this marked alteration of the iron oxide content within the
profile is occurring, the change in the alumina content of the B, and B.
horizons alters but 0.18 per cent. Thess facts indicate clearly & dis-
tinet teansfer of iron oxide from the surface soil to the lower part of
the profile, slthough to less marked extent than in the Becket and
Superior podzols examined by Anderson and Byers (3). A much leas
distinctly marked slteration of slumina content occurs in the soils.

In sccord with this behavior of the soils a distinct concentration of
iron oxide is found in the finer part of the colloid, &s indicated by the
silica-iron oxide ratios of 6.61 and 6.00 for the 0.3 to l-micron and
below 0.3-micron fractions. (It is to be noted that in Table 10 the
0.3-micron fraction includes the material below 0.1 micron.} 'This
alteration of the iron-nxide content is less marked than in the Becket
colloid. The fact that a eorresponding concentration of alumine in
the finer fraction does not occur is shown by the iron oxide-alumine
ratios 0.324 snd 0.304. When these facts are considered in the light
of the corresponding data of Table 9 and those given for the B; horizon
of Cecil clay loam (Table 12} and for the profile of the same soil
reported by Denison (14), it is difficult to avoid the conclusion that
iron oxide 1s carried from the upper to lower levels in a very fine state
of subdivision, or possibly in true solution, with organic acids of the
humus type. That alumins is not so transferred, or et least is not
deposited, is also clear. The close approach of the silica-alumina
ratio o 2.0 in the colloid fractions indicetes the presence in the colioid
of but little free alumine and thet the “laterization’ of the colloid
is confined largely, if not wholly, to the iron compounds of the soil
materiel.

The extremely high silica-base ratios ere of marked interest because
they indicate the high degree of leaching which has taken place. It
would appear, however, that the silica-alumins ratic should indicate
a fair bese-exchange capacity. The bese-exchange capacity of this
profile has been shown by Anderson and Byers (3) to be 0.183, 0.126,
and 0.158 milliequivalents for the A, B,, and B; horizons, respectively.
This is in marked contrast with & true ferruginous laterite, Nipe cley,
which has nearly zero bass-exchange capacity (16).

In this colloid a distinet accumulation of organic matter is found in
the finer fractions, but this accumulation is relatively and in quantity
not quite so great as in the podzol (Table 9) and is not associated
with so large an alteration of the content of combined water. No
very definite conclusions cre to be based on dats so quantitatively
uncertain as are the organic and combined water velues {§), but 1t
seems probable that these differences sre to be associated with the
mesn annual temperatures under which these soils have been
developed. '
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‘Table 12 contains the date on the chemical composition of the size
fractions of the colloid .of & B; harizon of & Cecil clay losm 'from
North Carolina. It is derived from the same profile byt not the same
sample zeported by Denison {I4).. It-is & more highly laterized soil
than the Davidson, and the soil material is disintegreted to a much
Euater dagth. The profile andlyses of the colloid show close simi-

arity to the extensive investigation of Cecil colloids as reported by
Holmes and Edgington (I7). . e . .

Tasre 12.—Chemical composition of fradioné of eoil colloids, d;;tg, and sill, from ¢
. lateritic soil, Cecil clay loam, By horveon, 36-72 inches depth
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Here the evidence of podzolization as shown by Increase of the
silice-iron oxide ratio, silica-slumina ratio, and by the.change of the fer-
ric oxide-elumine ratio in colloid fractions is also found, as was slso
shown by Byers and Anderson (70} for the A and B horizons of the pro-
files of Cecil soils in general. In sccordance with these properties of the
colloid of the Cecil profile distinet alteration of colloidel properties
with colloidal size are found. (Table 11.) As with the Davidson
colloid, the silice-slumina rstio is feirly close to 2.0 and increases
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gradually toward the coarser particles. The schist from which the
- goil is formed contains but litéle ‘quartz, and hence there is not the
sudden increass of the various silica ratios as the clay and silt sizes
gre reached. The analyses of both silt and clay fractions indicate
unquestionably the presence of increasing quantities of undecomposed,
or only partly decomposed, schistose material. In this colloid no
marked alteration of the organic coutent or of the combined, water
occurs, end in this respect it resembles the behavior of the colloids of
the Amerillo and Marshall soils. It is probable that this fact is due in
part to the extremely deep and porous character of the profile, which
allows the finely divided material to penetrate to greater depths before
deposition. '

The very high silica-base molecular ratios show the soil fo be
extremely hizhly leached, despite the relatively high organic content
which mizht be expected to aid the retention of the bases.

In Teble 13 are presented data from the C; horizon of a lateritic soil,
Durham sandy loam, from near Stone Mountain, Gs. It is the decom-
position material from granite, and the decay has proceeded suffi-
ciently far for rather complete disintegration of the rock. The profile
is the same as that on which data are reported by Denison (14), but
the sample is mot identical. The soil is derived from a rock low in
iron, and the colloid is therefore low in iron oxide, though there is &
much larger amount in the colloid than in the whole soil. The value
of the silica-alumina ratio indicates a mature soil, as does also the
extremely extensive removal of the bases. On the other hand, the
rapid increase in the potassium content of the coarser particles indi-
cates the presence of much undecomposed micaceous or feldspathic
material. The presence of these is confirmed by petrographic exami-
netion. The presence of such relatively large amounts of organic
material at so great a depth and its {silure to be present in increased
quentity in the finer fractions indicates the transfer of considerable
material from the upper soil strata and that it probably scts as &
cementing material to limit the ease of dispersion. In the analytical
data the fraction below 0.3 micron includes the finer fraction below
0.1 micron. The relatively high combined water also indicates the
presence of hydrated oxides or colloidal raica. It is with these facts

in mind that the authors hazard the opinion that this materisl consists
in part of raw colloid of high silica-sesquioxide ratio, formed in place
and in part of completely laterized material carried down from the
upper strata. This assumption is in harmony with the data presented
by Denison (74) on a different sample of the same soil, though the
s%ca-sesquioxide ratio for the corresponding horizon in that sample
is much less than in the present one, and the organic and combined
water content are correspondingly preater.

119967°—32——3
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Tapre 13.—Chemical composition of fractions of sefl collotds, clay, and ald, from
. 6 lateritic sotl, Durham sandy loam, C; horizon, 90-102 inckes depth
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The soil fractions represented by the data in Table 14 are derived
from the C, horizon of a Cecil sandy clay loam from De Kalb County,
Ga. It is from the same location as the profile reported by Denison
(14) but is a different sample. 'The profile is that of a highly developed
laterite in which the weathering of the micaceous schist has pene-
trated to considerable depth. The soil material, making up the vari-
ous lavers of the C horizon, consists of numerous wavy bands of
material of different colors. The material represented in Table 14
coasists of several such bands, The analyses of the colloidel fractions
indicate 8 very high degree of weathering, even at s depth of more
than 112 inches. The total colloid, #5 estimated by mechanical
analysis, (2 microns and less) is but 1.7 per cent (Table 3), and of
this quantity 88 per cent (1.5 per cent of the soil) is represented in the
sualytical data end approximately two-thirds of it m the freetions
below 0.3 micron. though the colloid of this profile contains a
considerable quantity of iron oxide, its concentration is greatest in
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the very fine fraction. That this content of iron oxide is gréater in
the fraction between 0.3 axid 1 micror: is perhaps due to the difficulty
in dispersing the incipient “iron” concretions observable in larger
sizes in solls of the general character of the Cecil series. Attention is
also called to the fact that although the silica-sesquioxide ratio indi-

cates a highly laterized colloid, the silica-alumina ratio closely ap-

proaches that of kaolin. If the considerations presented later are
accePted as well grounded, this may be taken to indicate that prac-
tically all the iron content of the soil is present as the sesquioxide
and that most of the aluminium 15 present as alumino silicate. The
hiih‘“organic-mat.ter content of this deep-lying material is to be
taken s evidence that the source of at least a lerge part of the colloid
#s from the overlying straia. The extreme poverty of the colloid
of the finer fractions in bases is in accord ‘with this assumption.

TABLE 14.—Chemical compoa::;.'.im bf Jfractions oj 20il colloids, clay, and skt from
a laleritic 2oil, Cecil sandy clay ioam, T, horizon, 180-196 inches depih
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TasLE ‘i'ﬁ.—CkeﬁicaI:-.wmpositioﬂ of fractions of colloids, silt, and clay, from Ceeil
cloy loam, Cy horizon, 112+ inches depth
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The analytical data presented in Table 15 are derived from the C,
horizon of the same profile sample as the B; horizon which is the source
of the data of Table 12. The data given for this horizon by Denison
(14) are derived from the same locgﬁéty but from a different sample.
It 3s fo be observed that this Cecll soil is presumably derived from
gneiss, whereas the soil represented by Table 14 is derived from
micaceous schist. The sample urider consideration is the composite
of but two or three bands of nearly white coarsely granulated ma-
terial, high in sands and gravel, snd containing an unusually large
percentage of colloid at such great depth. The silica-sesquioxide,
silicn-iron  oxide, and silica-alumina ratios are all abnormaslly low.
The organic matter and combined water content are abnormally
high, as is also the phosphate. The organic matter may be considered
as limiting to some extent the ease of dispersion. There is no regu-
larity in the silica-base ratio, but the concentration of the bases as
well as of the phosphoric acid is greatest in the finest fraction.
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‘There is of course a strong inclination to sssume that colloid
accumulation at so great a depth in material having & pH value of less
thsn 5 has been formed in place. It would be necessary in this case
to assume further that the feldspathic decamy produces aluminum
hydroxide &s & primary step, or, at least, as 2 secondary result, which
keeps almost abreast of the primary hydrolysis. Such formation of
alumivium: - hydroxide is highly improbable. In view, however,
of the high content; f organic matter, which presumably must have
been carried down, whe writers prefer to assume that both the alumina
and the organic matter have been deposited at this depth either from
colloidal suspension or from solution as a result of the surface alkalinity
of the feldspathic material to which attention has been strongly
directed by Cushman (12) and others. 'The process may, w this case,
be assumed to be a species of podzolization in which the iron oxide
may have been deposited at higher levels and the alumina carried to
greater depths. Whether such a process has actually occurred is
not to be asserted pesitively, but it leads to the suspicion that the
same type of fractionstion of colloids, which results in the production
of podzolic ortstein layers, may alsc result in the segregation of alumina
at lower levels. This accords with the data on the precipitation of
aluminium hydroxide by Blum (8).

WATER VAPOR ABSORPTION AND HEAT OF WETTING -

In Table 16 are presented the data on the water vapor absorption
over 3.3 per cent sulphuric acid, over 30 per cent sulphuric acid, and
the heat of wetting of the fractions of the eight collowls examined.
The ratio of the amount of water absorbed over 3.3 per cent acid to
that over 30 per cent is also given. The determination of the water
vapor absorption over 30 per cent sulphuric acid was made because
it is known, as was pointed out by Anderson (2) and Anderson and
Mattson {4), that even when colloids absorb approximately equal
quantities of water from & nearly saturated atmosphere, the quantities
may vary widely at lower humidity.

TaBLE 16.—Physical properties of fractions of colloids from various soils
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TasLE 18.—Physical properiies of fractions of collaids from various soils—Contd.
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Tanry 16.—Physical properties of fractions of colloids frem various soils—Contd.
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Of the heat of wetting little need be maid except that in numerieal
values the calories of heat evolved per gram are parallel with and
nearly the same ss the percentage of water absorbed over 30 per cent
sulphuric acid. This parallelism has siready been inentioned by
Anderson (I} and by Anderson and Mattson (4). The heat of wetting
may, of course, be considered as a measure of the en involved in
the absorption process. In general, the values for all three measure-
ments decrease with increasing particle size. In the B; horizon of
Becket silt loam, the 0.1 to 0.2 micron fraction shows somewhat
smaller absorptive values than the fraction of larger size. It is prob-
able that this divergence is associated with the presence in these
fractions of euceptionally large amounts of organic matter which,
though an excellent absorbent of water, does not necessarily have
properties paralleling those of the inorganic material. A lack of
uniformity 1s also shown, though to less degree, by the Marshell sur-
face soil sample, in which the organic matter is also high.

The moisture absorption over 3.3 per cent sulphuric acid varies
with the particle size and this fact emphasizes strongly that the
method of Robinson (26} and of Gile et al. (15) for estunation of the
qusntity of colloid in the soil, is at best a rough approximation,
since the absorption varies in the three colloidal fractions (0 to. 1
micron sizes) from 13.66 per cent for the coarsest fraction of the Cecil
clay loam, C, horizon, to 38.91 per cent for the finest fraction of the
Davidson clay loam, a difference of 285 per cent of the smaller value.
The widest difference in an individual soil is in the B horizon of the
Cecil clay loam, where the variation is from 13.88 per cent to 35.73
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per cent, about 260 per cent oi the smaller value. Of course;” the
variation from the appreximate mean value of the weighted fractions
is not so divergent, but it is clear that with a fine colloid the water
vapor absorption has not the same significance as in the coarser colloid,

It may be remarked, however, that the method of estimation of
colloid was developed. using colloid of about 0.3-micron maximum
particle size. If consideration is limited to the smaller fractions, the
yariation is not so great as when the 0.3 to 1 micron size is included.

That other influences than-the particle size, i. e., the surface ex-
posed, plays & part in the vapor absorption is clear from the wide
varintion 1n the eniloids of the different types. Although the size
limits are not necessarily an indication of exact equality of surface,
they are near enough to equality to preclude the possibility of sur-
face differences being able to account for the wide differences between
similar size fractions of Davidson clay loam and the C, horizon of
Cecil clay loam (No. 6281), nor for the wide difference between the
0.1 and 0.3 micron fractions of Durham sandy loam and the lack of
such dificrence between the corresponding.sizes of the C; horzon
(No. 6281) of Cecil clay loam. Itis possible that the various com-
positions of the colloids may have an indirect vesult in aliering the
size and porosity of the fractions as they are dried down in prepara-
tion for the determinations, and these jgﬁ'efences are responsible for
the variations observed.

That composition probably has a most marked effect is also indi-
cated by the ratio of the moisture absorbed over 3.3 per cent sulphuric
acid and over 30 per cent sulphuric acid. The vapor temsions over
these solutions at 35° C. are, respectively, 41.36 and 31.31 mm, and
the ratio of the water vapor absorbed over 3.3 per cent and 30 per
cent ncid varies from 6.33 in the 0.1-mieron fraction of the B herizon
of Cecil clay losm (No. 6278) to 1.64 in the corresponding particle
size of Becket sit loam:. In each colloid the ratio of moisture
absorbed over 3.3 per cent ncid to that over 30 per cent is fairly
constant in each profile, though the actual quantities of water absorbed
vary widely, the widest variation for the sume soil being in Ceeil
sandy clay loam, from 6.48-to 2.68. There is & marked divergence
between the group of seils represented by the Amarillo, Marshall, and
Bocket soils on the one hand and the group represented by the Dur-
ham, Davidson, and Cecil soils on the other. In the first group, the
mest value for the three eolloids of the low silica-base ratio is 2.06,
for the hich silica-base ratio group of four samples, the Durham,
Davidson, Cecil sandy elay loam and Cecil clay loam (No.6278),1s 4.67,
and for the C; horizon of the Cecil clay loam the mean value.of the
ratio fo1 the three colloid sizes is 3.86. The meaning of this diver-
gence is not wholly clear. It is true that the colloids in which the
difference in water absorption is most seriously affected by a change
in humidity are those in which bases are lucking in comparison with
the silica. . Where the total base is low, i. e., where the silica-base
ratio is very high, the water absorption ratio is also high, In the
Cecil clay loam, C; horizon, the silica-base ratio is intermediate.
(Tables 7 to 16.) This relationship is also shown when the silica-base
ratio alters markedly with coarsening of the fractions, e. g., compare
the value 30.8 for the silica-base ratic with 5.72, the 3.3 : 30 per cent
aqueous vapor ratio for the 0.1-micron fraction of the Durham soil
with 20 and 4.17 for the 0.3 to 1 micron fraction of the same colloid.
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Anderson (2) has shown considerable variation in the water vapor
absorption over 30 per cent sulphuric acid by colloids where they are
saturated with different bases. Although the variations are eon-
siderable, it does not appear thai they will account for the ratios
given in Table 16. Since the corresponding variations, if any, over
3.3 per cent sulphuric acid were not determined, it is not possible,
from his data, to determine to what extent the various bases would
modify the observed ratios,

There is a possibitity that the greater absorption of water by the
Amarillo, Marshall, and Becket colloid fractions at lowered huridit;
‘might be ascribed to the hydration of the metal cations in the col-
loidal micelles, but such an assumption is not very reasonable and
the evidenes is not adequate to support it.

There seems no possible correlation between the 3.3 : 30 per cent
moisture ratio and the iron oxide or alumina content of the colloids.
The iron oxide content is relatively high in the Amarillo, Marshall
and Davidson soils, in Cecil sandy clay loam, and in the B horizon o
Cecil clay loam. It is low in the Durham soil and in the C; horizon
of Cecil clay loam. The silica-alumina ratio is high in the Amarillo
and Marshall samples, moderately high in the Durham, and low in
the Davidson and Cecil.

It would be very interesting were it possible to correlats this
phenomenon with the assumption of the existence in the colloids of
alumino-silicic acids which are hydrated readily and retain their water
of hydration when the humidity is low if the acid complexes are true
clays of the montmorillonite type, and which are more easily dehy-
drated if of the halloysitic and lateritic types (18). The correlation
is shown by the Amarillo, Marshall, and Eecket samples which are
colloids of the former type, and the Durham, Davidson, and Cecil of
the latter types.

Additional evidence that the colloids of high silica-sesquioxide ratio
retain water at low humidity is found in the work of Anderson pre-
viously cited (2). The colloids examined, their silica-sesquioxide
ratio, and ths water vapor absorption are shown in Table 17, collected
from his data.

TABLE 17.—Water vapor absorption variation of colleids with variation of silica-
' sesquioride ralio

Whoicr ab-
Sillpn-ses- | sorption
Souree of eoltoid fuiozide | per gfam
Tutio over 3D per
cent Hs20,

Fallon Joam (surface soil)
Bharkey elay (surface soil)
Marshall silt loam (surface soll)
Bassalras silt loom {surface soil)
Norlolk fine sandy loam (subsoil)_..
Ceeil loam (subsoil)
Wipe clay (surface soll)

tehAd

Py
=E=1

, TR
]
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Also Middieton (21) has determined the witer vapor absorption of
four colloids over varying concentrations of sulphuric acid. From
his tables the following date have been abstracted. (Table 18.)
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Tasre 18—Water mpér absorbed per gram of colleids over varying sirengths of
sulphuric acid evpressed by weight, percentages in 126 hours af 36° C.

.- 2per | 3.3 per 5:$er 7.5 per | 10 per | 18 per | 30 per | 42 per
+ Sail typo centd | comt | cent | pent | cent | capd

Gram | dram | Gram | Grem | Gvem
Ceeil oy Joamme o oo e 5 {.2780 ¢ & 2204 01361 § 0. 0058
Norloik fins sandy loam A L3as8 el . J2541 ) L1806
Clarksville silt Ipam. . . [ . J2BE | L2687 7 L2363 1 L1094
Bharkey clay . L3067 | (4552 ] (3243 | .2007 ] L2640

L Tirae exposed, 168 hours, .

In nll eases the quentity of water absorbed is by no means the
same for the four colloids at any humidity, and although it decrenses
with decresse in humidity the rate of decrease is markedly different
in the different colloids. The outstanding differences are shown by
she colloid from the Cecil clay loam and that from the Sharkey clay.
In the former, elferation between 2 per cent and 42 per cent suiphuric
acid is tenfold, whereas in the latter the alteration is but threefold.

In order to bring these differences into sharp relief parts of the
date are segregated and the water vapor absorption ratios calculated
from them are presented in Table 19. Added to these data are the
silica-sesquioxide ratios of the corresponding colloids, ss given by
Robinson and Holmes (28), The colloid samples analyzed were
not identical with those used for sbsorption data but were extracted
from the szme soil sample.

TaBLE 19— Water absorbed per gram of colloid over 8.3, 80, and 42 per cent sul-
phuric actd, and the absorplion ratios

Sifles-sra- | 3.3 percent | 30 cent Ratic of | Ratio of
Soll type quloxids B0 30y “f 43:30 3.3:43
1atio (165 trotra) | £120 hours) | (120 hours) |  aecld actd

Gram dram
Cecll clay loam . 0. 448 Q. 261
Norfolk saady loam . . . L0786 462
Clacksvilie siit loam.. . . . 1008 . (678
8harkay clay. 3 . 354, . 18G5 . 1283

It would appear, therefore, that colloids of high silica-sesquioxide
ratio are distinetly more avid for moisture than those mors completely
weathered. That the differences of avidity shown are due to differ-
ences in composition seems clear. It must be admitted, however,
that the evidence does not adequately support the assumption made
sbove, though it does make it probable. Also, as will be shown, it
is in harmony with the structures given in the general discussion.
Tf this relation be justified it may be assumed further that the colloid
characteristic which determines the retention of moisture at low
humidity is the same cause which determines the base-holding
capacity.

THE DIFFICULTLY EXTRACTABLE COLLOID

As mentioned on pege 8, the silis and clays obtained after ex-
haustive dispersion in water or water made slightly alkaline with
ammonis stil contain quentities of materiel of the same general
character as that extracted. This is demonstrable by microscopic
exemination as well as by the differences between the quantities of
colloid obtsined and the total colloid content obtained by either
mechanical analysis or water vapor absorption. Thet such colloid
may differ in character from that extracted by water and ammonia
has been recognized. (Pp. 1 and 8.) It seemed desirable to extract
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gome of .this imateriel from the residues so exheustively extracted as
in-the samples studied. -This. was accomplished in the manner and
3o the extent shown on page 9§ for three of the :silt and clay fige- -
tions;. those -from: & chernozem . soil (the Amarillo), a podzol (the
Becket), and a lateritic soil .(the Davidson): ‘Theése fractions wers
then-redispersed: and separated into’ two parts: that lessthan 0.1
micron and that between 0.1 and 1 micron. “I'he snalytical data
on these samples ara shown in Table 20,

TasLm 20.ﬂA:nalys£s of Separates frém"'se'!t dnd 'cléy exiracted with Nj50 NaOH .
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_Thesemdre diﬁiﬂulﬂy.ejfﬁractable colloids differ materiallyfrom the - -

«colloids obtained i the usual manner, as may be obssrved by com- -
parison of the dats in Table 20 with the corresponding dsfa for the
same soils as found in Tables 7, 10, and 11. Inorder to facilitate their
comparison the three major constituents are racalculated for the
< 0.1-mieror fraction on the basis of 100 per.cent and brought together
in Table 21, : _ S

TasLE 21.—The major constituents of the <{0.1-micron fractions of the normal and

. ' : difficultly extractable calloids )

. } Perpentage |- -
Sail type Colioid of wl;lols . Iron ozide | Alumins
50

FPer ﬂ;ﬂf - Per cen;g Per-c;'?msl
; ormAl . e 18 : I8 .
Amarilio sitty clay loam Biﬁcu{ﬂr artracted. - 5 lz.ig .g;_ «ég.
o : ‘ormal -0 2, : . il
Becket gilt loam Difficultly.extracted 55 ; YR 33.46

Davldson cloy loam. ... " ry Bl B35

That some slteration in the relative quantities of these major colloid
constituents may have been produced as a result of solution of silica
and alumina by the sodium hydroxide used as a dispersing .agent is.
possible, and that it does occur is-shown in the examination of the
dispersing solution reported in the data given on the Becket sample in
Table 24, but it is not believed to be sufficiently great to produce the
glieration of compositien shown in Table 21. . .

The extent and character of the differences in composition may be
bml;lght into still greater relief by expressing them as given in
Table 22.

TABLE 22.—Differential perceniages of vhe major constituents in normal and diffi-
cultly extraclable collvids . .
[Data from Table 21]

| suice, |zron oxide, | Alémitna,
percentagoe | percontage | pereantage
change change chenge -

Amsrillo stity clay losm, —5.62 +2.33 4309
Heckst silt loam -. 38 6. 11 =4, 76
Davidson clay loam . | —3.08 8. 12 ~b. 3.

It will be observed that in all these samples the iron-oxide content.
-of the difficu}ily extractable colloid is greater than that -of the nor- .
mally extracted material. In &ll three samples there is & smaller
gilica content. -In the Amarillo sample the alumine is greater, and
in the Becket and Davidson samples it is smaller. The change in.
relative ironr oxide-alumins content is also indicated by the grestly
increased numerieal value of these ratios, fhough the alteration is less
marked, as should be expected, in the Amsriile colloid. Two explana-
tions of these differences may be considered. It is possible that the-
sodium-hydroxide dispersing agent brings into suspension in the finest.
colloid fraction larger emounis of meaterial present in the soil as
concretionary meterial higher in iron oxide content than is the body
of the colloid. If this be the cese, it must also be granted that in
B '\310,4:113&0 sample this concretionsry material is likewise ticher in.

uraing, - ' o ) )
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- Tt:is also possible that the difficultly dispersable material is, for the
most part, the film of coﬂdid':a&herinﬁmﬂy to the  quartz or :other
undecomposed mineral particles: If this bethe case, the differential
percentage change should. be:greatest.in the soil which hes been sub-
jeeted to ‘the more intense westhering conditions, In the samples

. under consideration, the' Ararillo- has auffered the lesst :and the

Davidson the grestest alteration. - The intensity :of weathering of
these soils is undoubtedly in this:order. : It must be.confessed, how-
ever, that the present data are inedequate to-decide which explana-
tion is better, or whether both areinvalid. Theicolloids coarser than
0.1 micron show -the. same character of diverpence from -the more
- easily extracted material but not to 8o marked :degree. In sll three
colloids. elightly higher - silica~sésquioxide and- silica-elumina. ratios
indicate the existence of unhydrolyzed mineral particles, or of quartz
in the ‘coarser colloids, and if 1t be assumed: that the iron-oxide-content
is free from combination with gilica, tHe silica-alumina ratios indicate
monimorillonitic ¢lay in the Amarillo colloid, some admixture of
montmorillonitic. clay in the Becket, and. halloysific clay in the
Davidson, (Tse General Discussion.). . ' o
- The relative ‘quantity of the difficultly extractable colloid is much
gresater in the colloid of Becket silt loam than in that of the other
two.soils, ~ That this difference is due to the influence of the organic
matter is without question.. It is probsble that. the influence is
exerted through the cementing effect of the ‘‘humic scid” rather than
through chemical combination with the iron oxide compdnent. M. 5.
Anderson, of this bureau, has'accumtlatéd data, as yet unpublished,
tending to show that ferrous iron is ecapable of direct combination
with humic acid, but that ferric oxide is not. The cementing organic
matter may, however, be associated with bases, particularly with
calcium and magnesium. Tt'is therefore 3uggest.eci that under humid
conditions, organic ferrous compounds are leached from the bleicherde
and deposited in intimate mixfure, instead of in chemical combina-
tiom, in the ortstein layer as ferric hgdroxide end humic acid. The
ferric hydroxide is, of course, partly dehydrated, and the humic acid
is, in part, associated with bases. This mixture may be assumed to
be more effectively dispersed by sodium hydroxide of the hydrogen-
ion concenfration employedfn, the second dispersion because of the
increased solubility of the humic acid. That considerable organic
matter is dissolved is shown end will he commented on more fully
later. That organic matter in the soil may be & large factor in limit-
i% vhe dispersability of the colloid ratertal and the effect of higher
values is also shown by the increesed orgenic content up to and
including the clay fraction of the Amarillo colloid, as shown In Table
8. The quentity of the difficultly extractable colloid obtained from
this sample was insufficient to allow the determination of the organic
matter in it, but the ignition loss indicates beyond question the still

%-eater organic content of the finer fractions of this material. The -
A

vidson colloid shows the same effect of the sodium hydroxide used
in the extraction process in incressing the organic content of the
difficultly dispersable colloid.

Tt was to have been expected that the use of sodium hydroxide as a
dispersing agent would modify the base content of the difficultly dis-
Eersable colloid 4n two -ways. * There would be more exchangeable
‘bases brought info squeons solitién, particularly when, 25 in the case
of the Amarillo sample, only water was used in the first extraction.

e
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The acid hydrogen (exchangeable hydrogen) should be more com-
pletely neutralized by the stronger base, and the sodium salis of the
colloid would be more stable than when ammonia of & smaller pH
value was employed, ss in the Becket and Davidson samples. These
expectations are justified by the event. Note the relatively immensely
greater increase of sodium content of the Becket and Davidson col-
loids, as compared with the incresse in the Amarillo. The explare-
tion is obvious. The absorption of the sodium is due in but small part
to exchange of bases (as indiceted by the smell quantity of exchange-
able bases found in the extract). ({Table 24.) a‘he chief cause is the
direct neutralization of the soil secids by the sodium hyvdroxide.
Since the sodium salts of the organic material are soluble in water, it
15 to be presumed that the sodium is held by the inorganic acids,

WATER VAPOR ABSORPTION OF THE DIFFICULTLY EXTRACTABLE
COLLOID

Ia Table 23 are given the percentage quantities of the water vapor
absorption over 8.3 per cent sulphuric acid and over 30 per cent
sulphuric acid, and the ratio of these values, In the difficultly extract-
able colloid of the Amarillo sample the percentage values are materi-
ally lower than for the corresponding size fractions given in Table 16;
indeed, 50 per cent lower in the coarser meterial, which differs very
sirikingly from the finer fraction. At the same time, the ghsorpiion
ratio is higher. This decrease in water absorption is at the same time
accompanied with an incremse in the percentage of orgamic metter.
(Tables 10 and 20.}

TaABLE 23.—Fhysical properties of difficulily extracicble cotloid

T—

LY
Water vapor absorbed
ove Absorption
gBample I L
No._

3.3 percent

3.3 percent| 30 per cent
1%804 80, 36 per cont

P g,
<0.3a e e )
Supttete 2l &
| Amgeillo sitty clay loom LF N i f% g;
1285
1250

[ & J——
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40— o] Davidson clay loamn
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Ll Lt ol
SHINS

In the case of the Becket colloid the difficultly extractable colloid
differs much less from the easily extractable colloid in the absorption
of vapor, and indeed, the values are somewhat grester in the former
for the absorption over 3.3 per cent acid. (Table 16.) At the same
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time, the organic content of the two fractions of the difficultly extract-
able colloid differ from .each other by the difference between 36.72
per cent for the finer material and 20.96 per cent for the coarser
colloid, and in silica-alumina ratio by the differefice ‘between 1.64
and 2.60. The organic content of the finer fraction is 3 per cent
greater than in the corresponding size of the readily extractable
material (Tables 20 and 10) and is nearly 5 per cent less than in the
most nearly comparable coarser fraction. he sbzorption ratio is
essentially the same for both fractions, but materially ngher than for
the more readily extractable colloid. (Table 16.) . )

In the Amarillo colloid the percentage absorption values over 3.3
per cent sulphuric acid are st.rB:ingl lower than for compsrable size
fractions of the more readily extracta%le colloid and differ more sharply
from each other. For the 30 per zent acid the water vapor absorbed
is also sharply different, and, as compared with the more readily ex-
tractable colloid, the finer fractions are nearly alike and the coarser
fractions differ markedly. The number of samples is not sufficient
to permit the drawing of extended conclusions, but it is important
to note that the same relationship of the absorption ratic holds with
difficultly dispersable colloid, as was noted in the more readily dis-
‘persable, viz, the sbsorption ratio is more than twice as great for the
colloids of the montmorillonitic type (see general discussion). Again,
it would appear that & plausible explanation is found in the greater
stability of the hydrated form of the more complex slaminous acideid.
As a peneral observation, based on the limited evidence available, it
may be said that slthough the difficultly dispersed colleids differ in
many detailed respects from those more readily dispersed, yet in
geperal character the two forms are very similar. It is also clear

m the data that the acidoid complexes in the three colloids are of
different types.

THE PASTEUR-CHAMBERLAND FILTRATE

In the extraction of the colloids, especislly when the addition of
ammersa is required to prodace spproximate nentrality of the dis-

persing agent, the filirate through the Pasteur-Chamberland filters
~ (grade F) sometimes shows evidence of the solution of the material,

both in the color of the filtrate and in a more or less marked opal-
escence. That ihis material is in part colloidal is also evident through
the Tyndall effect. In this series of extractions, the depth of color
of the fltrate of the Becket silt loam was especially marked, both
with the readily and the difficultly dispersed colloid. These filtrates
were therefore collected snd evaporated to dryness on a steam bath.
The filtrates from the extraction with ammonia, with a maximum of
8.5 pH, amounted to 40 gallons and the dry residue weighed 8.8 g
or 0.44 per cent of the whole:soil. The analysis is given in the first
three lines of Table 24, The residue consists of more than 50 per
cent orgenic matter end about 25 per cent moisture.  Since the factor
1.724 is by no means accurate (5), the organic matter and combined
water are not accurately differentiated, but the total quantity, loss-
on-igmition, is accurate. Therefore, only about 2 g of ignited in-
organic material were carried through the filters in treating 2 kg of
the soil. 'This inorganic materia] is shown by the analyses t¢ have
a considerably higher silica-sesquioxide. ratio and a somewhat higher
gilica~slumina ratio than the colloid (Table 10), but the differences
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are suprisingly small. It may bs assumed that some éxtremely finely
divided silica, producad by hydrolysis of ammonium silicate, may
have found 1ts way info this residue, but if so, the gquantity was ex-
tremely small., The ne-:-,ess.a.l;‘yi1 conelusion is that the extremely finely
divided .colloid is essentially the saine as that constituting the bulk of
the finely divided meferial. The high base content of the ignited
residue is without doubt an indicafion of the nature of the orgenic
matter removed, 1. 8., that in part it consists of salts of humic acid.
It must be keptin mind thet this filtrate was from material dispersed
with aImmonia.

TABLE 24.—Analyses of residues from wash waler of the Beckel sad No. 444?’

Afciecutar zatin

s

Fruction of
Boaree of material whole ol
(P nemt)

8i0y
Fey0u4-A1s0s

Besldue from 40 gallons of wash l S
watsr Ln which the colloid wag dje- an ta._.|
persed ot pH 8,5 with NELOH, 1Meso_._ ...

Part of the residus from the wash
water from dispersion to pH
10.5-11 with NaOH which pre- {M.13 ... 7
cipitates with HClI at pH 6.3,
and woshed C

ed O} frea,

Fart of Oltrate from the sbove
which did not rrecipitste with .
N/20 HCI, but sfter [gnition to (0.8 .. |
duli redness all the salts solublo
in kot wuter wers remaovad,

Soluble salis from the sbots of

th i)
troatments, i0.5gramsoblaibed,

Fraction of oy Or-
Bouree of materinl whola sofl - ganic
(per cant) matter:

Per
1 cent

wach water in which the
ouiloid was disparsed at
pH 8.5 with NE,;OF,
Part of the rasldoe from
the wesh water from dis-
ﬁrﬁkm to pH 10.5-11 with 013
a0OH which precipltates e B
with HCI at pH 5.5, an
washed Cl froe,

Part of Sltrate from the-
sbove which did not yme- |
cipitate Witk Nj20 ECL |1, oo
but alter Ignitlon to dn it
redness ail theeaits solubla |}
in hotwatar wereremoved,

Boluble sslts from the nhova
of which mmom 5 par
cent hed been odded fn [OE2 . __
the stcoussive treatmments,
10.5 grams obtained.

Duplitate. | 420|200 438 12 EIEN

Restdye from 40 gallons of }o o]

.

The agueous ﬁltra.t;e from the extraction of the silt.and clay residues
at & pH value of 10.5 to 11 with sodium hydroxide was ({Jaruculs,rly
highly eolored, end its evaporated residue. was expected to: consist
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almost wholly of sodium humnte. The residue amounted to 1868 g
of material dried et 105° C. This was redispersed with & small quan~
tity of water and brought to a pH of 5.5 by addition of N/20 HCI.
‘This suspension was allowed to stand for 48 hours and was filtered end
washed until free from chlorine. The dried insoluble material was then
analyzed. The analysis is given in the fourth line of Table'24. The -
material lost 56 per cent of its weight on igpition, and the o io
material is approximately 42 per cent of the whole. This colloid has
a low silice content but has a high silica-sesquioxide and silica-alumina
ratio. The suspicion is raised that the greater part of both the silica
and alumine is derived from reaction of the sodium hydroxide, used
in the extraction, with silicie acid end sluminium hydroxide existing
in the silt and clay or prodiiceéd by hiydrolysis in the process of extrac-
tion. ‘This suspicion obtains-added color from the data discussed in
the next paragraph. In any case the quantity of such material, if
it exists, must be extremely small, sinée a part of this material must
certainly be mormal but extremely finely divided colloid.

The filtrate from the material just deseribed was evaporated to
dryness, and, after the carbon content of the tesidue was determined,
it was ignited at low heat. The ignited residue was washed until free
from chlorides, and analyzed. The analysis is shown in the fifth line
of Table 24. 1t will be observed that the ignition Joss is about 52 per
cent, and the analysis indicates that the nonvolatile residue probably
is essentially a mixture of sodium silicate, sodium aluminate, and the
sodium and other salts of humic acid. The washings from this
maoterial were evaporated and analyzed. The analysis shows the
residue to be, as was expected, the chlorides of sodium, calcium, and
potassium. _ ' '

The exnmination of the materials which pass through the Pasteur-
Chamberiand filters in the case of the Becket silt loam shows that,
except for removal of organic matter, the loss of material is extremel
slight, That this is in part normal colloid, with addition of smnﬁ
amounts of other material, is indieated. The aquecus extracts from
the other colloids were not examined, since it was not believed that the
results obtained would pay for the labor expended. : '

GENERAL DISCUSSION

The data obtained during this study, taken in. conjunction with
other data, obtained from a study of the same or closely related soils
and published elsswhere (3, 13, £3), warrant a certain amount of
general discussion concerning the nature of soil collnids. It has
already been brought out by Byers and Anderson {10} that the soil
colloids of the great soil groups, as established by the soil survey,
represent various stages of & pro essive degradation of soil material.
This degradation is the result of hydrolytic action on the soil minerals
and on their primary and secondary products. The degree of hy-
drolysis, as has been repeatedly pointed out, is governed by a number
of agencies. Chief among these are rainfall, temperature, and the
character of soil vegetation. Only to a relatively minor degree i the
character of the product determined by the character of the primary
material: The conclusion thatthe soil material is of minor importance
in determining the charncter of the soil eclloid may be more or less
illusory. As estimated by Clarke {11}, the igneous rocks are approxi-
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mately 60 per cent feldspars, the remaining igneous material being
quartz, 12 per cent; hornblende and pyroxene, 16.8 per cent; mien,
3.6 per cent; and but 7.9 per cent accessory minerals. It may be
then, since hornblende and mica are so frequently associated with
feldspars and quartz in granite and similar rocks, that directly or
indirectly the soils all have, &s far as their primary minera} source is
concerned, an essentially common origin. It would follow, therefore,
that their immediately antecedent mineral source would be of less
moment than the other soil-forming infiuences in determining their
character. :

It 1s assumed that the hydrolysis follows the same course, whether
the minersls are ferruginous or aluminous silicates, when they are of
the same fype, but that in general the hydrolysis proceeds at a slower
rate under like conditions for th2 alumino silicates. It may further
be sssumed that since, to a very great extent, in the silicate minerals
which contain iron it is in the ferrous state, the behavier of this
element in the primary hydrolysis will be analogous to that of mag-
nesium and calcium rether than to that of aluminum. If these
sssumptions are correct it should follow that the soil eolioids produced
by hydrolysis should differ from each other chiefly with respect to
the extent of the hydrolytic sction which has cccurred and to the
extent of transfer of the resultant materials, which in turn will depend
on the character of the products. The study of the composition of
the colloids of soils representative of the great soil groups (10) reveals
the fact that there are three general types: Colloids which are essen-
tially alumino stlicates of high silica-alumine ratio and correspond in
genern] character to the colloid of montmorillonite; colloids which
are essentially of the penersl type of halloysite with & silica-alumina
ratio of approximately 2; and those in which the dominant colloid
consists essentially of a mixture of the hydroxide of aluminum, more
or less dehydrated, and of iron oxide, more or less hydrated. Tn the
colloids the quantity of ferric oxide may be very variable. The
probable existence of these colloid types is strongly supported by
recent publications by Hendricks and Fry (I8}, Kelley, Dore, and
Brown (19}, and Baver and Scarseth (7).

It must be kept in mind that not only the hydrolytic products of
minerals themselves are subject to further hydrolysis, but thet they
are both acidic and basie at the same time, i. e., amphoteric, as recently
emphasized by Mattson (20). They are therefore associated with
varying amounts and to varying degrees with both bagic end acidic
ions. The character of a given colloid is also profoundly influenced
by the basic, and more especially by the acidic radicals derived from
the organic débris accumulated in the soil. With the foregoing facts
and eassumptions in mind, the character and relationships of the soil
colloids may, perhaps, he made clearer by presenting a set of purely
hypothetical reactions based on structural formulas of minerals and
designed to show the probable results of hydrolysis.*

The simplest of the numerous structural formulas which have been
proposed for orthoclase is that given below and the general cheracter
of hydrolytic action first to be expected is shown in equation 1.

+ In sucpestiog these structurs! formulas {t is emphasized tint no direct experimental avidense for them is
availabls, They are designad only to present & picture of the sort of changes which, if they oceur, would
account for the colloid relationships actusliy found. 1t is scarcely necessery, perhaps, to add that they
have oo spatiaf shmitleance bus express chemical ralationships only.
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-.-Si<- + 2 HOSKOH + sa<2>mon
o 0\ T [
0 Al 0 |

L/ I
0=8-0. 0=8i—-0H _
QOrthoclass - Montmorillonitic
o acid
If this reaction takes place as indicated the product called mont-
morillonitic acid should have & maximum silica-slumina ratio of 6 and
should be an amphoteric substance. No such pure compound has
been prepared and in view of the known behavior of the polysilicic
acids 1t could not be expected to existin nature. The nearest approach
to it is probably the montmorillonite reported by Ross and Shannon
(29) in which the silica-sesquioxide ratio is 5.26. This material is
not free from iron and yet so far as the original mineral contains fer-
ric iron as a repiscement of the aluminium, it nay be expected to
function in like manuer. So far as.the iron 1pres;ent in the original
material from which the colloid is derived is ferrous irom, it may be
expected to behave as indicated in the hypothetical equation for the
hydrolysis of horsblende. (Equation 2.}

2. ' Fe §i0,;+2H,0-Fe(OH), + H, Si0,*

In case ferrous hydroxide is produced ifs further course may vary
in detail, but eventually it appears in the soil colloid as ferric oxide
or one of is hydrated forms. _

{ montmorilionitic acid or its scid salts be subjected to further
decomposition by hydrolysis the change may be postulated to take
place ss shown in equation 3. : '

3.

0=8i-0H

0O
RN _

0

i :
O0=81—-0H

Montmorillonitic:acid Halloysitic acid and metasilicic acid

1 In horpblande, augite, and many similsr minernls, the ferrous Jron is present as & it of metasllicly
acdd. The fnliovs?fn statement {3 taken from Miers gti) and is in point. “Gmr.hi follpwing Zzmbonind,
makes homblenda (ke augite) a misture of CaMps(Si00: with {MgFe™} (Al Fs "' ")y {O)s (in pargasits},
with tho addltion in blsck hornblande of (Fe’ © Al (BiOva,"”
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The mixture resulting from the assumed hydrolysis has, if the
gilicic acid is not removed by leaching, the same silica-alumina ratio
as_the montmorillonitic material but if coms letely freed from silicic
acid the residue, called halloysitic acid, has the silica-alumina ratio of
kaolinitic clay. If it has the assigned formuls it differs from the min-
eral kaolinite by its water content, The distinction may be shown by
equation 4. K '

4. H 0 \
\Si/ \A]
e

OH

NN

/Si\ /Al

HO o
Halloysitic acid

OH

That such a rea

quz h 8
in the : y ) , at i ::;-{Ea
place with the silicic acids to account satisfactorily for the existence of

salts of the polysilicic acids in minerals, This

is assumed to be the actual *

which are not laterites. It los

as should be expected if it has the structure indicated. It is never.
theless a very stable compound, as shown by the fact that it does not
lose all its water component until heated above 550° C, Tts stability
is also indicated by the enormous quantities of it existing in nature.
The corresponding iron compound, nontronité, appears to be much less
resistant to change.

It must not be assumed, however, that the halloysitic acid is not
subject to further change. The same type of reaction which hasg
occurred as indicated above may be expected to continue with the
results as indicated in equation 5. L :

5. HO 0 HO\ /'OH
\s1/ \AIOH-i-L’H,O-» i +Al(OH),
NS SN

HO 0 HO OH

If this hydrolytic step is followed by leaching of the orthosilicie
acid from the material, or its conversion to secondary quartz, we have
the last stage of soil formation. The residual material is a true laterite,
a dead soil, consisting essentially of the hydroxide of sluminum, which
does not dehydrate readily, and of ferrie hydroxide, which does dehy-
drate readily, even in the presence of water, and which in warm or
diy areas may hecome almost completely “hematitized.”
laterization and removal of silics is not common, and even in tropical
areas the hydrolysis of the. halloysitic acid must be considered as
exceedingly slow. The normal soil for tropical regions ought therefore
to contain varying quantities of the halloysitic acidoid complex,
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It would then appear, if the writers’ speculations are correct, that
the progressive hydrolysis of minarals should produce three types of
colloids which may be distinguished by the terms montmorillonitie,
halloysitic, and lateritic. It must be kept in mind thaé this hydrolysis
18 progressive and that thérefore any soil sample (except, perhaps, the
completely weathered laterite) may have present at th: same time
colloid of all three types and yet one be dominant and be the character-
istic form. DBesides quartz, the soil may contain undecomposed
complex minerals which are subject to hydrolysis, hydrated slowly
decomposing mineral matter such as mica, hydrated silica, and such
minor mineral particles as mey have constituted the rock which formed
the parent meaterial. Which of the colloids are present to & domi-
nant degree will be determined by the extent of the weathering that
kas occurred. The soil-forming processes being very slow, the situn-
tion at any one period of time will be that presented by & system in
equilibrium even though the reactions are actually in progress. It
is therelore & psuedoequilibrium. The situation is comparable with a
series of almost infinitely slow moving pictures and the progress of
the action may not be followed in any one soil; it can only be followed
by comparing pictures of different soils representing different stages
of the process. -

It also follows from the assumptions made thet the amphoteric
substances comprising the essential colloid complexes of the normal
soils of the Temperate Zone should always contain both basic and
acidic radicals derived from the hydrolytic processes on the minerals
themselves or from &djacent mineral bodies and carried through the
colloids by pereolating waters. These ““adsorbed” materials may -
be considered as held by true ehemical combination with the eolloids.
This assumption in no way contradicts the assumption that col-
loid composition and behavior may also be modified by “surface
phenomens.”

The passage of water through the soil may occur either essentially
in a perpendicular direction or in a direction roughly parallel with the
surface. In the former case all materials brought inte trué solution
or colloidal suspension are subject to possible redeposition at grecter
depths or to complete removal in drainage waters. In the labter
case ordinary erosion occurs, and whet happens to the suspended
madterial does not concern the soil at lower levels, though 1t may
profoundly affect the soil situation in areas where the eroded material
may be deposited. The character of the eluviation by percolating
waters will not only be affected by the rate at which it passes but by
the character of the material through which it passes before reaching
the soil proper. Carboun dioxide absorbed from the air (or possibly
other acids from polluted air such as air polluted by smelter or other
smoke) or from organic matter, and the organic acids, whether of the
humic acid or other types, probably are materials having a very great
effect on the soil, In the case of soils developing in areas where the
rainfall is insufficient to produce percolation to the depth of the normal
water table, no removal of scluble or of colloid material from the pro-
file occurs. Through eluviation and illuviation, alteration of the
distribution of colloid within the profile does oceur, as is indicated by
the zone of accumulation in the chernozem soils, This may be
presumed to occur through solution, as ealcium bicarbonsate, and its
redeposition as carbonate at the mean maximum depth of water
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penetration. The dry periods following rains do not return the calcium
carbonate toward the surfare to the same extent as is the case with
salts such as the carbonates, sulphates, and chlorides of magnesium,
sodium, and pofassium. Where percolating water reaches the water
table or moves in considerable volume in & horizontal direction,
complete removal of soluble or colloidal material from the soil pro-
file may take place. :

These elementary considerations may now be applied to the soils
examined and reported on in this bulletin. Neither in the profile
nor in the colloif {ractions in the Amarillo silt loam is there found
sny material slterstion of composition. The chief difference in the

rofile lies in the quantity of colloid in the different horizons. It is
east in the A horizon (23.9 per cent) and greatest in the next lower
stratum. It is difficult to escape the conclusion that the part of the
colloid not formed in place has moved downward ss a whole? There
is evidence of alteration of the relative amounts of iron oxide and alu-
mine, as shown by the iron oxide-slumina ratio both for the profile (3}
and 1 the fractions. (Table 7.) This may be taken fo indicate
the presence of some free iron oxide im the colloid. There is also
spme increase in the silica-sesquioxide ratio of the coarsest colloid.
This may be taken as evidence of the presence of free quartz in this
fraction. The frees quartz is ebundantiy evident in the clay and silt
fractions. The colloid seems to conform closely to the composition
of the montmorillonitic type of colloid. This is confirmed by the
X-ray examination (16). The same type of colloid is present in the
Colby silt loam from Kansas reporteyg by Middleton, Slater, and
Byers (23}, and in the Barnes silt loam from South Dskota {(14)
reported by Denison.

The Marshall silt loam, from Nebraska, is not 2 pedocal soil but
is developed under grass cover with sufficient rainfall to produce
pereolation through the profile and prevent calcium carbonate ac-
cumulation. (therwise the soil is essentially of the chernozem type.
1ts colloid is rich in bases, though not saturated. The colloid anal-
yses of the profile, so far as determined, show essentis! constancy of
composition. To a minor degree the iron oxide-slumina ratios of
the A and B horizons show s slight concentration of iron oxide in the
B horizon, yet in view of the increased concentration of colloid in the
B herizon the colloid transported downward must have been trans-
ported as 8 whole. The same condition is shown by the fractions of
the colloid from the surface layer. {Tsble 8.} This composition
is essentially the same, with slightly greater indication of *podzoli-
zstion’’ as indicated by the changes of the iron oxide-alumins ratios.
The X-ray photographs (16) indicate s colloid of the montmoril-
lonitic type. The silica-slumina ratios indicate the same type.
Similar colloids exist in the profile of the Marshall silt loam from Jowa
and in the profiles of Shelﬁy silt loam, Houston clay, and Palouse
silt loam reported by Middleton, Slater, and Byers (28). The evi-
dence so far accumulated therefore shows the prairie soils to contain
colloids which have not yet been weathered to the degree corre-
sponding to the products indicated in equatiou 3 but are intermediate
between that condition and the one shown in equation 1.

1t {5 o ba recognizad that with movements of soil watar, partlenlarly Iz aress of limited ralnfall, trans.
location of sofl moterial may be elther downward or npward through the soi! profile (0}, with conisequent
alteratlon of colloid pontent, The point smmphasired fere la thet whatever tanslocation bas ocoiltred
hay not altered the character of the colloid to & marked degres,
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Turning to the soils of the podzol type there is found a strikingly
different situation both in the profile and in. the colloid fractions.
In the Becket silt loam profile the inorganic colloid increases from
0.9 per cent in the surface layer to 5.8 per cent in the B, and 5.5 per
cent in the B, horizons, and the analytical dats show marked diver-
gences, (3) 'Thesoil is developed under heavy rainfell 8t low annual
mean tam’g)erature and in the presence of the débris of coniferous
forests. The orgamic matter is carried in large relative quantity to
considerable depths. The pH values are extremely low (3). The
iron oxide-alumins retios (§) indicate ver'iv-1 great alteration in passing
from the upper to the lower horizons. The silica-sesquioxide ratios
for the B, and B, horizons indicate an apparently lateritic stage of
degradation. Even the siliea-alumina ratios of the By and B, hori-
zons do not reach those required for the montmorillonitic colloid.
The X-ray examinstion, nevertheless, indicates the colloid to be of
this type (16). The fractions of the colloid (Table 9} also show
marked divergences in composition, and the finest fraction shows the
highest iron-oxide content. The evidence of the nonhomogeneity
of the colloid is very convincing and, in contrast with the chernozem
and prairie colloids, indicates that the colloid is fractionated in being
transported from higher to lower levels. The base content indicates
the probable presence in the colloid of some unhydrolyzed mineral.
The same general relations are also shown by the tahuﬁted data for
the podzol soil colloids of the Superior fine sandy loam from Wiseonsin
and the Emmet fine sandy loam from Michigen, snd with the pod-
zolic soils of the Miami and the Leonardtown series. It may then
be sssumed that in the podzol soils the first stage of hydrolysis of
soil minerals is represented by the alumino silicate and a part of the
iron content (equation 1), and that with this stage of hydrolysis a
large part of the iron-oxide content is derived from either the hydrol-

sis of ferrous minerals {equation 2) or arises as & result of the final
Kydmlysis of ferruginous clay. (HEquation 5.}

When the group of red snd yellow soils represented by the five
samples examined is considered, a very interesting difference is
found between the B horizons, as represented by the Davidson clay
loam and Cecil clay loam, and the lower strata of the Durham sand
loam, Cecil clay loam, and Cecil sandy clay loam. In thesesoils, devel-
oped under deciduous forest cover and high temperature and moisture
conditions, no such wide contrast is found between the A and B
horizons (3, 10, 14) as in the podzols, yet the differences are quite
distinet and in the same direction. The silica-sesquioxide ratios are
less than 2, but the silica-alumina ratios approach closely those re-
quired for & colloid of the hallyositic type. (Equation 3,) In the
colloid fractions there is a distmet segregation of irom oxide in the
finer fractions and & close approach to the proper silica-slumina ratio
for clay of the kaolinitic type. The débris of the deciduous forests
may produce organic colloid of a less acid type, or the high tempera-
ture with alternating dry periods may be responsible for a less com-
plete removal of the iron content of the surface soils as compared
with the podzols. This incomplete removal of the laterized iron
content does not prevent the elmost complete Temoval of the bases
from the hypothetical halloysitic acid which is, as indicated by the
work of Baver and Scarseth {7}, & less active acid then that charac-
terizing the colloids of the chernozem, prairie, and podzol soil fypes.
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The lower degree of hydration of- these colloids a$ lower bumidity
{Table 6) also indicates that the acid is less stable than the scids of
the less weathered soils. . s

The general relations shown by the two Cecil soils are in harmony
with the date presented on a series of soil profiles of the Cecil series,
as well as with the data on. the: Chester series presented by Holmes
and HEdgington (/7). When the deep-lying strata of these lateritic
soils are considered the quantity of colloid is found to be less than in
the strata higher in the profile, and they also have & lower iron-oxide
content (10). Also, in the fractions of these colloids, small, though
distinct, segregation of iron oxide ocours in the finer fractions. %n
the Durham sandy loam sample, there is.little evidence in the O
horizon (Table 13} of the existence of free aluminum hydroxide either
in the silica-alumins ratio or in the quantity of combined water.
The same statement holds for the deep sample of Cecil sandy clay
loam, (Tablel4.) Inthe deep stratum of the Cecil clay loam sample
(Table 15}, on the contrary, there is segregation of iron oxide in the
finer colloid fractions, even though the total iron content is small,
The extraordinarily low silica-alumina ratio and the high water con-
tent indicate either a segregation of alumins or an abunormsl local
situation. If the former, it would appear possible that & true or
colloidal solution of an alumino-organic complex, aluminum humate,
has been earried to a point where the surfaces of the weathering
feldspars furnish a pH value sufficiently high to induce flocculation.
Proo? of this statement is admittedly lacking.

In conclusion it should be stated frankly that the writers are quite
aware that the above discussien is, in part, not new, and that also,
in part, the data presented in the bulletin itself are not adequate to
furnish sufficient basis for the sssumptions made. It is believed
that the comprehensive view, as stated, is warranted by the body
of soil colioid data and that the views expressed furnish s basis of
correlation of available information which lends itself to the organ-
ization of future work. It is further recognized that the statements
given are not so fully buttressed by facts as they might be if it were
not desirable to make the outline extremely brief. ;

SUMMARY

The results of an analytical study of eight soil samples derived
from seven different profiles are presented. '
The samples were fractionated and five fractions analyzed. The
fractions were the silt (5 to 50 mierons), clay (I to 5 microns), and
three colloidel sizes—-finer than 0.1 micron, 0.1 to 0.3 mieron, and 0.3
to 1 micron. The dispersion of the colloids was effected by water
and, in some instances, with ammonium hydroxide at s maximum
pH of 8.7, . _ S
The silt and clay fractions of three of the samples were further
dispersed with sodium-hydroxide solution st a maximum pH of 11.
The samples included a chernozem, & prairie, a podzol, and three
lateritic soils, and from these samples the writers deduce the exist-
ence of colloids of three distinct types. ' _
The fractions of the colloids of the chernozem and of the prairie
solls show marked similarity in composition and properties within
the range of colloidal size. This is interpreted as indicating the
persence of a definite snd predoninating type of colloidal acid.
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Fractions of the podzol colloid areé chaiaeterized by merked varis-
tion-in chemical composition indicating the existence of a natural
fractionation process which is in operation ifi the soils of this group.
The inference is drawn that the podzol ¢olloid is & mixture of at least
two substances; iron oxide'and the: acidoid complex characietistic of
the cherpozem goils, ~ *© =~ ¢ 7 v L

The. fractions of the lateritic. colloids studied show:definite différ-
ences ili composition but not so- marked as in the podzols. These
differences, when considered slong with the profile data published
elsowhere, are interpreted to indicate the existence of & colloid com-
plela'lx _t(liiﬁerant from that found in the chernozem, prairie, and podzol
colloids. JE SN s

“Cartain colloids derived from soil parent material at considerable
dépths show marked peculiarities of composition, and the data lead
to the inference that the colloidal materiel is in part éarried down.from
higher levels and in ]ia,:r:t'. formed in place. - The presence in these
co%loids of completely laterized material iz aleo inferred. .

The water vapor absorption over 3.3 per cent snlphuric acid and
over 30 per cent gulphuric acid, and the heat of wetting of the soil
fractions were also determined. Variations in water vapor absorp-
tion betiween the size fraciions of individual soils were very marked,
as was also the variation between corresponding soil fractions. - From
these values and the rstio of the vapor absorbed over 3.3 per cent and -
30:.per-cent sulphuric acid, the inference is drawn that water vapor
abgorption can not be ascribed. to surface alone but is'also dependent

on. chemical composition. e

The study of the “difficultly extracted ”. colléid hows it to'be of the
same general character as that more easily extracted, though there
are merked differences. The frections are aldo more divergent in
composition than is the cese with the more readily dispersed material.

The examination of the filtrates obtained in the éxtraction of the
colloid from one of the samples indicates that the dissolved material
is largely organic matter, the inorgahic material being less than 0%
_per cent of the whole soil and essentially of the same coiriposition as
the fine colloid. ' S L

The general -discussion of the data, together-with data assembled
previously, presents - theoretical outline of the erigin and nature of

soil colloids which the writers believe to be in Lartnony with the facts . |

presented. ‘According to this outline, the soil eolloids represent pro-
gressive stages of degradation of complex silicates through hydrolysis, -
1in which are to be distinguished the montmorilloritic acid and
helloysitic acid stages and the final or lateritic stage..” The two hypo-
thetical scids are both amphoteric., The colloids themselves consigt
of the partly neutralized salts of these acids and contain both acidig
and bagic radicals, together ‘with orgsnic colloid. - The Iateritic col-
loids possess only very limited base-holding capecity. Since the
process of soil formation is continuous, no single colloid car. be ex-
pected to contain one colloid component only, but in each colloid one
component may be expected to dominate. The behavior of the soil
will be in general harmony with the chemieal properties of its domi-
nant colloid, modified by the presence of other components so far as
they occur. S :

- ot . - T i . N
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