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INTRODUCTION 

Considerable information is available regarding the composition 
and properties of colloids from soils of widely differing character. 
.Emphasis has been placed on the study of colloids from the more 
important soil types, and such studies have for the most part been 
confined to materials isolated from one, or at most two, horizons 
01' a profile. Some investigations have, however, increased the scope 
of this work to include a few complete profiles. In recent years 
much emphasis has been placed on the character of soil materials 
jn the various horizons of complete soil profiles and on the nature 
of the proc('ss('s whereby horizon development takes place. How
ever, little attention has been given to the effect of soil-making :proc
esses on the character of the resulting colloids in various hOrIzons 
of the profiles. In the present study data are obtained which indicate 
the character of the colloidal materials developed throughout the 
profile as a result of a dominating influence of one of the major 
soil-making processes in developing a typical profile_ Three of these 
soil-making processes, which have been widely recognized, are calci
fication, poc1solization, and lateritization. These processes lead 
respectively to the formation of pecloeals, podsols, and laterites. 

The general plan of the investigation was to secure typical pro
files of the several major soil groups and to isolate and study col
loidal material from each of the horizons. Chemical analyses and 
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a stndy of properties were made of each in order to bring out as well 
as possible similarities and differences in the colloidal materials 
which are characteristic of the various horizons and of the different 
soil groups. 

PREVIOUS WORK 

Very few data are ayailable regarding the character of the col
loidal materials in t~'pical profiles of any of the major soil groups 
mentioned. Most of the soil-colloid studies previously made have 
bcer. done without any reference to the processes by which the soils 
were developed and, with few exceptions, without consideration of 
the horizon. in the soil profile from which the sample was takell. 
Similarity of colloidal materials in various horizons of most profiles 
appears to be the general rule. This is indicated by the study of 
materials from a considerable number of soils and subsoils by 
Robinson and Holmes (30).1 A detailed study by Holmes (17) of 
several complete profiles of the Leonardtown soil series from 
different localities led to a similar conclusion, .lS does also the work 
on the Cecil, Chester, and Miami soil series by Holmes and 
Edgington (18). 

Denison (71) gives the chemical composition of colloids from sev
eral horizOllci of profiles of widely diyersified character. Included 
in this group are a pod sol profile from l\Iichigan and a chernozem 
from South Dakota. The horizons of the podsol reported are the 
AI, Bn: and C~. The parent material is highly calcareous. In this 
profile the colloids are fairly uniform in the major elements of com
position. The siliea-sesquioxic1e ratio is, howeyer~ somewhat lower 
in the BJ horizon than in the Al or C2 • The chernozem profile shows 
about the same silica-sesquioxide relationship within the profile as 
that. shown by the poclsoL Deep horizons of certain piedmont soils 
show unusually low silica-sesquioxide ratios. The work of MeCool 
(133) with certain Michigan soils showed no very marked differences 
in the colloid throughout the profile, although some of the!"e are 
podsolic in character. There was, however, a tendency toward 
higher siliclL content and higher heat of wetting in the colloids of the 
B horizons than in the colloids either above or below this layer. 

Although similarity of colloids from different horizons of a par
ticular profile appears to be the rule for many widely diversified 
soils, instances have been reported of colloids from profiles where 
certain horizons show rather wiel(' differ('nces in character of colloid. 
In his exhaustive report on the forest soils of northern Sweden, many 
of which ar(, true podsols. Tamm (31) gives the chemical composi
tion of fractions below 0.002 millimeter in diameter for the bleached 
layers and for the ortsteins of two of these soils. These fraetions 
may be nssllIned to consist essentially of colloidal material. If the 
siliea-sesquioxide ratios be taken as indices of the major features 
of chemicltl eomposition, considerable (lifferences are noted in the 
horizons. Calculations made from TaIlll11'S data show these rat.ios 
to be 3.44 and 4.16 for fml"tions from the bleached layers. and 2.6;>' 
and 2.10 for fractions from the corresponding ortsteins. 

1 llnlir numbers In rmrenthes<>s l'('fl'l' tn T,iternturl' eftI'd. p. !!!l. 
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The data available reO'arding the colloids of true laterites are too 
fragmentary i' allow of any conclusion regarding colloid variation 
throughout the profile. The same is true of the pedocal group of 
soils. There is, however, some evidence that colloidal CaCOs is 
relatively inert in properties.2 

DESCRIPTION OF SOIL SAMPLES 

The soil samples used in the present studies were collected by 
various members of tile field staff of the soil c;urvey division of this 
bureau under the general direction of C. F. Marbut. General char
acteristics of the various soil classes and detailed descriptions of the 
profiles studied follow. One pedocal, two podsols, and three lateritic 
soils are discussed. 

'rhe calcification process results in the formation of the pedocal s 
group of soils, an important division of which includes the cherno
zems. These are found in regions of moderate to low rainfall and 
are characterized by the accumulation of calcium carbonate in the 
lower horizons. Profile No.1 is a specimen of this class. It is an 
Amarillo silty clay loam which is representative of the southern 
chernozems. Samples were collected by E. H. Templin 1 mile east 
of Nash, Potter County, Tex. Horizon 14 is of rIch-brown color 
with a faint tint of red; horizon 2 is dark brown, slightly lighter in 
color than horizon 1; horizon 3 is of yellowish-brown color; horizon 4 
shows a marked contrast in color to the above horizons, being a red
dish yellow; horizon 5 is yellowish white with a very faint pink 
shade; and horizon 6 is somewhat more pink than horizon 5. 

The general character of profiles of the so-called podsol soih; has 
been widely discussed by soil investigators. The podsoIs are for
ested soils occurring in northern latitudes. A typical profile of this 
class of soils may be summarized as follows: The surface layer 
consists of a covering of decomposing leaves and other organic re
mains which are distinctly acidic in character. Below this is a 
bleached layer usually gray in color and of lighter texture than the 
layer beneath it. This layer is commonly known as bleicherde. It 
is underlain by a rust-colored or brown layer which in many places 
takes the form of a hardpan and is commonly referred to as the 
ortstcin, or the orterde if not indurated. The cementing material 
mlly be of high iron content, hie-h in organic matter, or Ii mixture 
of relatively large quantities ot each. Below the ortstein is the 
pl1t'cnt material. 

Two typical poc1so1 profiles were obtained for study. Detailed de
scriptions of these profiles are as follows: Profile No.2 is a Superior 
fine sandy loam. It was collected by 1V. J. Geib neltr Bayfieldl 1Vis., 
from a wood lot of yirgin soil. The Ao horizon, 0 to 3 inches in 

'l\ICCOOL, U. M., ftnll "'HERTING. J,. C. STl'nlES Oli TilE COLJ.OlnAl. ~rATEnr4!. OF CEn· 
TAIN' SOIL r!lO~'I!,ES 1:-1> l[lC·IlIGAN. Amer. Soil Survey Assoc. Hpt. Ann. Meeting 5, Bul. 6, 
v. 2, p. 12:.!-126c, III us. [Mimeographed.]

• ~'he term" redoeal " has h('en used by lIInrhut (l?5) to desIgnate those solis whi'.!h have 
.. fully de\'elopPtl protlles in which lime carbonate is fonnd in some horiy;on of the solum 
In hl~her [Jerccnta~e than in the parent geological formation beneath." 

'The term" honzon" Is u~ed here to deslgnnte a layer In the proflle different in some 
rcsp~ct Crom the layers above and below It and has no reference to the nSllal differentia· 
tlon of the profile Into the conventional A. B, nnd C horizons, This Is true In general In 
this hulletin except where such designations are used. 
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depth, consists of partly decayed leaves and other organic matter and 
has a dark-brown color. The Ai horizon occurs from a depth of 3 to 
8 inches; its color is gray with a very slight pink tint. The B hori
zon, between depths of 12 and 30 inches, ranges from light to dark 
coffee brown in color and is compactly cemented. The 0 horizon, 
extending from a depth of 30 to 40 inches, is of pinkish-gray color. 
It rests on heavy red clay. 

Profile No. 3 is a Beckett loam collected by W. J. Latimer in a 
virgin-forest area 1 mile west of 'Washington, Mass. The Ao hori
zon, from 0 to 6 inches, is of dark~brown color and contains a large 
amount of leaf mold and roots. The A1 horizon. from 6 to 11 inches, 
is essentially gray in color but contains some brown spots. The Bl 
horizon is a thin dark-brown or coffee-colored layer, extending from 
a depth of 11 to 13 inches. The B2 horizon extends from a depth of 
13 to 24 inches and is yellowish brown, graeling to pale yellowish 
brown. Both the Bl and B2 horizons are friable. The 0. horizon, 
Ot' parent material, taken between depths of 24 and 36 inches, is of 
yellowish-gray color mottled and streaked with brown. 

Laterite soils consist primarily of hydrated oxides or hydroxides 
of iron or alumina, or both, in the upper horizons. In typical pro
files, according to Harrassowitz (1.4-), this material is underlain first 
by a mottled zone and then by a layer of kaolin or lmolinlike ma
terial above the parent rock. In general, lateritic soils are char
acterized by a decrease in the silica-sesquioxide ratio from that 
existing in the pllrent rock. 

Typical laterite profiles are not easily obtainable. In the present 
case it was necessary to use material not entir~ly typical in a com
plete profile, but by the use of three profEes the various classes of 
materials are represented. Profile No.4 ;1s a Davidson clay loam 
soil, lateritic in character, collected by R. O. Jurney, 9 miles north 
of Greensboro, N. C. Horizon A. is 0 to 9 inches in depth, and its 
color' is slightly reddish brown. The Bl horizon, extending from 9 
to 36 inches in depth, is a deep-red heavy brittle clay. Below this 
is the B2 horizon, between 36 and 60 lllches, which is light-red 
friable crumbly clay. The 0 horizon, which lies below 60 inches, 
is an ocherous-yellow, black, and reddish-brown decomposed diorite 
rock. 

Profile No. 5 is a ferruginous laterite which was obtained near 
Preston, Ouba. The sample was collected through the courtesy of 
the United Fruit 00. from an area previously located by H. H. Beu
nett of this bureau. The first ilOrizon. from 0 to 12 inches, is very 
dark-red friable clay material ~ontainin~ a few concretions. A. sec
ond horizon, extending from a depth or 40 to 60 inches, is reddish 
yellow and of about the same texture as the horizon above.5 A. 
third horizon, from 100 to 144 inches, is almost identical in color and 
texture with the first horizon. 

Profile No. 6 is an alUIninous laterite from a bauxite mine at 
Bauxite, Ark. This profile can not, strictly speaking, be regarded 
as a soil since an overburden of some 30 to 40 feet of transported 
material had been removed, material which had no particular rela

• A communication from C. F. Marbut states thnt In this lorallty mnt... rlnl similar to 
that or the second horl7.on usunlly p(,1"8ists to nn ind ...Hnite depth. 

http:horl7.on
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tion to the profile of interest for the present work. However, this 
profile contains material similar, in chemical composition at least, 
to profiles of typical laterites found in certain parts of the world. 

M'ECHANICAL AND CHEMICAL COMPOSITION OF SOILS 

In orc1el' to obtain more adequate information regarding the chnr
acter of the soils which were to serve as sources of the colloids, me
chanical lind chemical analyses were mnde. :Mechanical analyses 
·were madn by the method in lise in this bureau (138). The I'(,lmlts 
are given in Table 1. Chemical analyses were made by well-:lIIthen
ticated tnntlio(ls for total constituents, methods which have long been 
in use in this bllrC!U1. These :tIltllyscs are given in Table 2. 

~'AllUl 1.-Jlce/ra'lIical U1W1Y8CS of soUs 1 

Mo· Very Inor· Loss1,'lno COllrso dluIn 1<'lne fine Silt, ganlc onPro· grnvt~lt snnd, Clay.Uorl· sand, sllud, snlld, 0.0.1- trollt·tIIo Sull series Dopth 2.0- I.().. <0.005 incni· 
No. ZOIl 1.0 0.5 0.5- 0.25- n.l- 0.005 

D1Ul. 
lold, Illont 

mIll. mm. 0.25 O.lmm. 0.05 mill. <0.002 with 
IIUll. mnl. lorn. il,o, 

171c/l... I Per rl. Percl. Per ct. Per ct. Per cl. Per el. Perct. Perc/. Percl.
I 0.0 0.2I 0·5 0.3 2.6 12. I 55.1 27.6 23.9 2.0

1()"20 2 .0 .1 • 2 1.9 8.3 41. 0 47.4 42.8 1.1 
I Amnrillo.••• j30'40 3 1.0 .5 .4 1.6 6.9 45.2 43.8 37.6 .r. 

li4-ti4 4 .1 .3 .4 3.4 16.6 41.2 37.9 34.6 .3
7(}-75 5 .1 .4 .4 2.2 9.2 34.1 53.4 35.9 .2

19(HOO 6 " .2 .3 2.1 12.2 41.0 44.0 31.3 .0
A. .:1 2.11 4.3 24.7 7.3 10.S 3.0 1.5 40.n{ (}-3 ....,3-8 .2 2.0 7.5 52.5 12. 5 20.1 4.0 1.6 I.a

12-30 n 7. I 3·1. 7 33.0 13. Ii .S 2.0 7. I 4.9 1.2
30-10 C 1.5 1:1.8 50.4 28.6 .9 1.0 3.1 2.0 .2 

2 Suporior•••• 

A. 2.1 7.2 Ii. 6 17.4 15.1 18.6 2.6 .9 31.3 
6-11 5. n 33.8(}-tl A, 2.0 7.2 23.2 IS. 3 7.0 3.9 2.0!

3 llCl'kott. .••• 11-13 H, 2.3 5.3 tl.7 21.6 16.7 28.7 9.0 5.S 9.1 
13·24 ll, 3. I 5.5 0.0 21.2 18. 4 :10.2 9.0 5.5 0.0 
24-30 0 3.4 6.8 S.4 25.8 HI. I 26.2 8.9 5.5 1.4 r ()..!I A .7 2.3 2.6 1l.6 10.7 20.4 34.3 2.~.9 4.4
9-311 II, .1 .7 .0 b.4 8.9 22.3 00.4 54.0 1.34 Dllvldson••• 1a6-60 ]1, .3 1.0 .11 7.2 9.1 30.4 SO. 3 41.3 .3 

84-\16 C .4 1.:1 1.9 14.3 17.5 34.5 29.6 23.7 .5 
Nipe. ___ ~ ___ { 0·12 I 4.6 4.1 2.0 2.3 1.6 21. 2 63.9 60.2 .3

5 4(H.o 3.0 3.8 4.0 61. I .02 6. I O. I 10.3 56.3 
100-1-14 a 4.0 4.2 2.1 2.3 1.3 21.7 04.0 50.4 .5 

6 C1lltlXite, sort 15(;"214 4 19.3 10. 9 6.6 8.5 5.0 25.5 17.8 11.8 1.5
KUHlinl,ed •• 25()"2II0 6 • 2 .7 .7 2.4 3.0 38. \I 53.1 35.2 .3 , 1 

--~~---

, Delormlnlltions by L. '1'. Aloxlllldor lind Huhert W. La)'-In. 
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TABLE 2.-0hfJn~(cal composition of 8oil8 ' 

Pro· Horl·/lie • Soil series Depth SIO• AI.O, Fe,O, MnO OaO MgO K.O 

No. zon 


Inthu Per cent Percent Percmt Per cent Percmt Per cent Percent 
0-5 1 75.62 10.56 3.16 0.00 0.67 O. 7~ 2.20 

16-:lO 2 70.48 13.88 4.40 .00 .97 1. 35 2.50 
36-40 3 68.72 13.25 4.31 .08 2.04 1. 37 2.4S 
M-04 4 74.49 11.67 3.83 .00 1.00 1.10 2.14 
76-75 5 40.42 6.69 2.04 .04 25.80 1.011 1.20 
96-100 6 56.71 .04 2. 86 .00 14.11 1.22 1.71 

1 A",~m' _____ 1 
0-3 A. 51.50 3.30 1.44 . OS 1.29 .32 1.25 
3-8 A, 89.51 3.55 1.36 .01 .44 .13 2. 152 Suporlor_ .... 12··30 D 88.24 4.27 2.50 .01 .30 .40 1.01 

36-40 0 92.03 3.77 1.12 .01 .20 .23 1.30 
0-0 .... 52.95 7. (J.I 1. OS .01 .90 .15 2.06 
6-11 .-1., 83.32 0.73 1.09 .01 .54 .18 2.89 a Bel'kctt._.... 11-13 11, 6\1.00 9.01 3.00 .01 .05 .33 3.41 

13-24 D, 72.07 10.32 3.58 .02 .62 .41 3.45 
24-30 0 77.80 10.00 3.1.1 .03 .64 .48 3.711 
0-0 A 70.53 12.4.1 0.10 .2'l .75 .45 .58 
6-30 1J, .12.70 22. 87 10.62 .07 .51 .40 .454 Duvldson.... { 36-60 11. 50.53 23.05 14.87 .OS .27 .58 .34 

00+ 0 52.62 20.98 13.37 .47 .27 1.00 .72 

Nlpe..__.._.. 
1 7.96 14.71 64.00 1.00 .n • 27 Trace . { 6-12

S 46-00 2 4.36 9. 49 67.51 .44 .02 .27 .04 
ltlO-l44 3 11.03 15.23 55.22 .40 Trnl'O. .53 .12 

Dauxlte..____ { 1M-2B 4 4.45 55.14 6.28 .19 .04 . 04 Trace . 6 250-200 6 43.87 38.92 2. 32 .26 .62 .02 .21 

Pro· Horl·/lie Soil series Depth NB.O TIO, P.O, SO. fgnition N pH

No. zan loss 


Inche. Per cent Per Ctnt Per cent Percent Per cent Per cent 
6-5 1 1.00 0.78 0.10 0.07 4.98 0.13 6.5 

10-20 2 1.01 .71 .OU .m 4.94 .08 7.8 
1 Amurillo____.. 311-40 3 1.03 .Ii .10 .00 5. SO .06 7.8 

54-64 4 .87 .05 .m .21 3.82 .02 7.0 
70-75 6 .46 .42 .OS .13 21.82 .01 7.0 
90-160 6 .73 .57 .00 .11 13.00 .01 8.3 
0-3 A. .24 .2.1 .18 .33 39.77 1.17 4.7 

2 Superior _____ { 3-8 ..., .34 .34 .02 .07 1.08 .04 5.1 

, 

12-30 D .15 .19 .17 .05 1.94 .03 5.0 
30-40 0 .30 .10 .04 .03 .84 .01 5.6 
0·6 A. .40 .60 .13 .36 34.40 1.04 a.8 
6-11 AI .46 .90 .04 .13 2.75 .05 8.7 

8 DeCkett··_---l 11-13 DI .46 .79 .OS .20 11.25 .14 3.9 
13-24 D. .67 .70 .OS .14 7.27 .00 4.1 
24-30 C .55 .53 .OS .13 2.54 .02 4.5 
0-0 A .00 1.80 .10 .12 7.66 .11 6.3 

Davldson.. __ { 0-:16 BI .00 1.39 .12 .12 10.55 .02 5.1 
36-60 B. .60 1.47 .20 .12 U.37 .01 4.4 
60+ C .00 1.23 .24 .09 0.15 .01 4.1 

1 .03 .is .04 .24 10.12 .OS 5.4 
6 Nlpe..__.._.. 6-12i 40-00 2 Trnce. .53 .01 .38 12.45 .00 5. U 

10(HH 3 .16 .86 .05 .25 12.28 .12 5.4 
0 BauIlte______ 156-214 4 .02 2. 25 .14 1.29 30.48 .00 3.6 

256-290 6 .01 1.26 .03 .25 13.19 .00 3.0 

I Determinations by O. H. Hough Blld O. E. Edgington. 

Certain characteristic features of each grolip of soils are apparent 
from their mechanical and chemical composltions. In the case of 
pedocal soils that part of the profile which shows the presence of 
calcium carbonate gives a suggestion as to the general class to which 
the soil belongs. However, comparable quantities of calcium car
bonate may be present in soils in the process of formation from 
calcareous parent material. In such cases lower pH values may 
usually be expected in the upper horizons than when the calcification 
process is in action in the profile. 
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In the ense of profiles Nos. 2 tll1d 3 the excessively high orgaIlic 
content of the Ao horizon (indicated from the nitrogen content and 
fro111 the loss 011 treatment with hydrogen peroxide) compared with 
that of the lower horizons is immediately suggestive of the poc1s01 
class. To some extent the translocation of sesquioxides or organic 
matter o!' both from the A horizons to the B horizons nrc recogniz
able from the whole soil. This feature has been previously noted 
(li2) . 

Typical laterites are the OIle groll p of soils easily recognizable by 
their chemical composition. The high content of sesquioxic1es, par
ticularly at t.he stu'face, serves to characterize this group. In t.he 
case of lateritic or pnrtly lateritized soils the chemical composition 
shows less marked evidence as to class. 

Although thc chemical composition of whole soils is to some extent 
<liagnostic in indi.cating the general gl'OUp to which a soil mny 
l>t'long, sllch interpretations froll1 analyses are subject to sharp 
limitations. The character of the colloid is of particular sigllifi
c:tnee, and ntriations in its composition may be much obscureu by 
the vlu'ying rnechanical composition of whole soil. 

METHODS OF STUDY OF COLLOIDAL MATERIALS 

Colloidal materials were ('xtracted from each of the soils III a 
manner somewhat similar to that previously described (13). The 
»eparntion of colloid was made by the llse of a high [lower centrifuge, 
0.001 mm. being taken as the UPP(,l' limit of p:1l'ticle si~e of the 
colloid. No attempt was made to extract all of the colloid present. 
HrJ\\'ever, each soil was extraeted several times with large quantities 
of water, and the bulk of the easily dispersable colloid was separated. 
Several of the soil samples presented unusually dillicult problems of 
dispersion. In cases where ll('ce!:'sary a ddlocclIlant was used. In 
most cases ammonium hydroxide was a satisfactory defloccnlant, 
However, this (~id not produce dispersion of horizon No.4 of profile 
No.6. In this case long washing with water and subsequent treat
ment with sodium oxalate ,,-as found satisfactory. This treatmentt 
was necessary becnu5,:' of the presence of soluble aluminum sulphate 
anu the high content of aluminum hydroxide. 

Chemieal analyses were made by the standard methods employed 
in this bureau for total constituer..ts, 

'.rJH' heat of wetting was ch'termined by the method described by 
AJlllerson (4.). Determinations of this value for a few of the colloids 
which were exceedingly high in organic matter are not included, 
owing to the fact that. they were only slightly wetted by water. 
Most of the powdel' floated on the surface even after vigorous stir
ring, The heat of wetting, of course, could have been determin('d in 
certain organic liquids, but it has been previously shown that no 
fixed relationship exists between heat of wetting of soi.l colloids by 
water and by alcohol or benzene (5). 

The moisture-equivalent determination was carried out essentially 
according to the procedure described by Briggs and McLane (9) 
lor soils. 

The adsorption of water vapor wus determined over 3.3 per cent
• sulphuric acid and over 30 per cent sulphuric acid (139, 7). The two 
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sets of values have different significance. The adsorption value 
obtained for soil over 8.3 per cent acid is frequently used as a basis 
for detcl'Inining approximate colloidal content, owing to the fact 
that the colloidal materials of most soils show little variation froJll 
I1n I1vel'llge of about 30 pel' cent adsorption of water over this 
strength of acid (129). These values, in addition to being presented 
in the tables, a.re also lIsed as a basis of calculation of the approxi
mate total quantity of colloid in the soil as outlined in this previous 
pUblication (129). Also in the process of mccIuwical analysis of 
soils, two values are obtained, the sum of which in most cases ex
presses the colloid with fair approximation. These are the me
chllniclti fraction below 0.002 millimeter and the loss of weight by 
treatment with hydrogen pel'Oxide. In the casc of rather unusual 
horizons, such as at·c lurgely organic or highly lateritic, these 
methods give eli vergcnt results. 

The contents of cxcIut11geable monovalent and divalent bases were 
determined by trelltinp,; the colloids with normal ammonium chlo
ride solutions essentially I1ccording to the method of Kelley and 
Brown for soils (931). In the case of colloids containing calcium 
carbonntes a procedure essentially as l'ecommenc1ed by Magistad and 
Burgess (94) was used. This method employs ammonium chloride 
in 68 per cent alcohol instead of in water. In this procedure smaller 
quantities of calcium carbonate are dissolved than when water is 
used. In the present work no correction wus made for the approxi
mate solubility of calcium carbonate in salt solutions. The deter
mination of exchangeable bases was omitted in a few cases where 
the contents of tobtl bases shown by analysis were so small that 
probable error of the determinations would render the results of 
little significance. 

Base-exchange capacity was determined essentially as described by 
Holmes (17), except that washing was done by niea.ns of Pasteur
Oharnber1nnd filters instead of on paper as it was found that some 
of the materials used in this study could not be properly washed on 
paper filters. Samples of about 4 grams each were treated with 
100 cubic centimeters of normal barium chloride solution which had 
been adjusted to pH 7. After standing overnight the liquid was 
drawn off through the filters and washed with successive portions of 
barium chloride solution until the filtrate amounted to about 500 
cubic centimeters. In order to remove the excess of barium chloride 
the samples werc washed with water until free from chlorides. The 
barium held by the colloid was then extracted by means of 0.05 N 
HOI. In case of the colloids containing OaOO.1 the barium was re t 
moved by normal ammonium chloride instead of hydrochloric acid. 
In either case the barium in the filtmte was determined as sulphate. 

The degree of !'laturation is cal'culated as a percentage of total I 
capacity from the exchangeable monovalent and divalent bases, found 
by analysis, und the base capacity, shown by the barium chloride 
detel·mination. It is recognized, of course, that this proeedure, while 
standard, does not actually represent the replaceable bases and the 
hydrogen of the soil colloid but docs to a marked degree make com
parison of the varying colloids subjected to it. 

For convenience the characteristies of the colloids of each soil 
group will be discussed separately. 
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CHARACTER OF PEDOCAL COLLOIDS 

The chul'Ilctcristic process of pedocal formation consists in the con
version of calcium to the carbonate and its ultimate deposition in 
the form 01' the carbonate at varying depths below the surface. The 
influcncc of organic lIlutter at the slld'aee is assumed to be an im
porbmt factor in this process. Carbon dioxide from organic de
composition aids in the solution of calciulIl as the bicarbonate. The 
low rainfall of these )'('giol1s does not, as a rule, allow extensive 
pel'colution to great depths, and hence n. deposit is fo),med, consisting 
l'ssl'nt-iully or ea\eiulll carbonate, at a position n.pproximating the 
depths to which surface waters most frequently percolate. It is not 
I1rl'('ssllr'y to assume, however, that all the calcium carbonate of the 
euiean'olls hol'izons came from the overlying strata. It is frequently 
a.SSllIllrd that- materials may rise in the capillary witter from lower 
st I'll t:a and be precipitated in the zone of calcification. Prl'ViOllS 
studies hayc indicated that the colloids from surface soils of such 
regions tend to have l'elatiYcly high silica-sesquioxide ratios. 

The ehemical composition of the colloids extracted from rach 
hOl'izon 0:: It soil. of this group, designated as l)l'ofile No.1, are given 
in Table 3. Properties of the sltme s(',.ries of colloids are given in 
Tuble '.1:. 

22708·-31--2 



TABLE 3.-Chemical composition of pedocal soil colloids,' profile No.1, Amarillo soil series ~ o 

Mols H
Depth Horizon SiO, ..1.1,0, Fe,O, MnO CnO MgO KID Na,O TiO, p,O, I so, co, Ig\~~On 

j 

:o:;~~~cr I SiD, t;l 
AhO,+Fe,O,i a 

-------- -----------1-----I P:i 
Z

100", Per Ctnt IPer cent Percwt Per ctnt Pa cent Per cent Per unt Per un.t ' Per cent Pu cent : Per ant Pa cent Pa cwt I Pa cent ...... 
0-5 I 50.51 22.04 8.80 0.14 1.4S 2. ug 2.68 0.00 O.5Ii O. ~O I 0.18 None. 12.0, i 4.02 3.10 a 

10-20 2 51.51 22.71 8.61 .O\l 1. 5!) 2.66 2.54 None. 9.50 ' 2.14 3.09
.01 I .57 ~ 30-40 :J 51.32 22.43 8.46 .05 2.27 2.80 2.50 .06 .M .35 10.19 1.96 3.13::11 ::iM-{H 4 51.2:1 24. ug 8.19 .07 1.73 2.8.3 2.42 .10 .55 .11 .13 None. 8.72 .96 2. 07 t::!70-75 5 :lS.42 f 17. Ii-! 5.71 .06 16.38 2.5.3 1.83 .06 .:17 .O\l .10 11.22 17.35 .42 3.06 cj

1I1HOO 6 45.88 20.O'J 6.89 .0.5 0.05 2.87 2.26 .01 I .52 .11 .13 5.87 I 12. 41 • 13 3.18 
~- ~ 

t;l 
, Chemical analyses by O. E. Edgington. I Determined by combustion, CO,XO.471. H ..... 

Z 
TABLE 4.-Properties of pedocal soil colloids, profile No.1, Amarillo Boil series 

L'oO 

~ooH,O va- I H20 va- Exchangeable buses per gram of colloid I 
~ 

Heat of ~g~b~~- ~g~~~~- Mois- !bfeh~~~- c~~~~~dOf ColloId Colloid Mols ~ 
wetting over 30 over 3.3 ture I capacity Degree soil deter- co~tent Iextrnct- SiD, 

, zon per grrun per cent per ccnt equiva- per h'Tam of S!'tu- mined by b~ ~e- 'ad from rnAhO.+Fe,OaD",1.". 
of coIloid H,SO. H,SO. lent Ca Mg K "a Total of colloid ratIOn H20!Ul- ~~~~~~! soil t:l per gram Iper gram by DaCh sorptIOn I ~ of colloid of colloid "d

I , t"'l 
---,--,----,----,---- 'l'lfilliequio- j'vIillieqltiv- Milliequio- M:illiequiv- jHilliequiv- Milliequio- --------1---1 o 
Inch" I, Calor!,": Gram_ Gm,!, Per cent I alent" alento alento alento I altnt~ alent. Per,ctnt Per cen! Per ~~nt :, Per cent I ~ 
0-5 16. 8 I O. 104 O..100 84. 3 O. 389 O. 159 O. 034 0,006 O. 588 O. 566 < ) 25. I _0.0 : 18. 2 3.10 

10-20 I' 18.51. 184 . :140 85.0 .402 .143 .030 None. .671 .628. (') 39. I 43.0 I IO. 5 3.00 o30-40 :J 18. ~ ..182 . 3~~ 85.6 .628 .154 .015 .019 .816 .634 I <:) 35. ? ;*l. I 1 13.8 3.13 
;,

54-64 4 19. •• . .!OI • 3b3 88. 5 .532 . 149 • 019 . 026 • 726 • 602 ' < ) 30. 3 34. II 10. 0 2. 97 ~ 
70-75 5 13.8 .147 .2H2 78. II 1.027 .009 .017 None. I. 143 .6561 <I) 24.1 36. I 10.5 j 3.06 a 
96-100 6 18. 0 .171 .331 86.6 .924 .0911 .015 .009 1.047 .700 (') 26.2 I 31. 3 I 14. 7 3.18 c 

1 ~ 
, Saturated. 

~ 

.., 
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Colloids developed in the Amarillo profile show uniformity of 
composition to a marked degree in all respects except in their content 
of calcium carbonate. This constancy of composition of major 
constituents throughout the profile is indicated by the small varia
tion in silica-sesquioxide ratios, which range from 2.97 to 3.18. 
The unique feature of this class of profiles lies in the extent to which 
culcium carbollate is found in the colloids of the lower horizons. 

Most of the property values for colloids of this profile are high, 
and their mugnitudes are essentially of the order that should be 
expected from theil' silica-sesquioxide ratios. The only important 
deviation from regularity is in horizon 5, where the calcium car
bonate content is about 25 per cent of the dry weights of the 
colloids. In this horizoll the colloidal property values are lower 
tlum the mean for the profile by approximately the amount of cal
cium cnrbonate present, indicatinCT that this mnterial is essentially 
inert so fur as such properties II,S heat of wetti.ng and water adsorp
tion nre concerned. The inert character of colloidal calcium 
carbonate is in accordallce with earlier observations in this bureau 
and elsewhere.6 

CHARACTER OF PODSOL COLLOIDS 

The podsolization process is usually regarded as essentially one 
of solution, true or colloidal, with subsequent transportation of the 
products of solution although other weathering alterations may 
also be taking plnce. This is in contrast to progressive weathering 
whereby partly decomposed residual products left in place pre
dominate as is the case when calcification is in progress. Most 
of the dissolved materials are hydrolyzed, and the more soluble 
constituents pass into the drainage water, whereas the less soluble 
products are moved to lower horizons. It is a process involving 
movement of colloidal constituents, as well ns more soluble nutri
ents, downward, leaving an impoverished upper layer. The mech
anism of the action whereby the sesquioxides and organic matter 
move downward ltnd Hre deposited in the B horizon is a matter which 
has been carefully investigated but not ueC'ounted for in nn altogether 
satisfactory manner. 

Data showing the accomplishment of the podsolization process as 
affecting the chemical compositions throughout the profile nre 
given in Table 5, Hnd properties of the same materials Hre given in 
Table 6. 

'MCCOOL, 1Il. M., and WUEWflNG, L. C. Op. cit. 

http:wetti.ng
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TABLE 5.-Chemical composition of podsol colloids 1 of Superior and Beckett soils I-' 
t.:> 

,-- I ~ols 
Pro

P,O. \ SO. jlb'TIitionlorganic,organic'{ ~- f'3
file Soil series \Depth ilori· SiO, I Aha, Fe,O. II M,O IC.O ",0 K,O -N",O IT;o, t;Jloss matter matter i A1,O.+Fe,O.
No. zon ____i C 
__I _________1 --------- -- ~ 

Percent Percent zInches Per cem Per ant Per cent Per cent IPer ceni Per cent Per cent Per cem Per cent Percwt Per cent IPer cent 
0-3 .'1.0 20. S9 7. 51 3. ().j 0.10 1. H 1. 05 0.79 0.26 O. 34 0.50 0.81 63.15 57.52 61.5 3.76 8

.39 .35 25.58 19.70 19. 9 -i.0!
2 I SuperiorJ ~-8 A, 40. 20 16. 67 4 .• 55 .08 1.01 1. ~ 2. 14 .34 .97 g:.96 .18 23.35 9.96 9.6 1.59 

{ .31 .lii 15.59 5.35 5.9 2. 401_-30 B 31. 60 25.14 13.47 .08 .66 1. ,1 1.37 .15 .88 
3HO C 42. 26 22.02 12. 31 . 12 . 61 3. 41 1. 23 .06 1. 57 69.98 68.1 2.16 b:I\.1 0-6 11.0 10. 58 5. !J9 3. f){ .02 . (l.i .31 . 49 . 25 . 49 .31 .991 75.87 

.25 .23 29.25 26.78 22.2 2. 74 d _ I 6-1.1 A, 3S.39 2£ ~ 5. !is .02 .~? 1. ~~ 2. .51 . 2~ US .60 .44 47.90 39.05 40.4 .h63 1 BecketL., 11-13 B, 13.40 1_.0_ 22. HS • !O .32 . OJ .83 . I. •90 

.37 39.78 30.34 32.3 1.28 ~ .35\I 13-24 n, 21. 56 20.06 13.02 .06 . 16 1.18 1. lid .28 .74 

.18 18.82 9.48 9.6 1.67 t;;iI 24-36 C 34.31 27.55 11.60 I .01 .17 2. !O 4. 10 .25 .72 .19 I f'3.... 
Z'Determined hy loss on treatment with il,O,.

I Chemical analyses hy G. E. Edgin~ton. 'Determined by combustion, CO,X0,47J. 

"" "" TABLE G.-Properties of podsol colloids of Superior and Beckett .~oil8 C1:J 
~ 

;:i 
il,O va- il,O va- Exchangeable bases per gram of colloid Ex- Colloid 
par ad- por ad change-- content Colloid 

able base of soil content Colloid Mols ?l 
ileat of sorbed sorbed DegreePro- Moisture capacity deter- Of soil by extract- SiO,Soil Depth ilori- wetting over 30 over 3.3 equiva- of sut- ofile per gram mined meehan- ed from

series zan per grunt per cent per cent uration .Al, O.+]"e,O. t;J
No. lent K Na Total ot colloid byH,O leal soilof ~'Olloid rr. SO. il, SO. Cs Mg ~ 

by adsorp- anc.!ysisper gram per gram ~ BaCh tionof colloid of colloid 

--------------------------I-1- ":i 
o 

MiIli- Milli- "'\filli- _~{illi- Mill!- Milli· ;.
equioo- equif)Q- eqlLiva- equiva- cquiva- t:qUil!tl- Q 

Inch.. Calori.. Gram Gram Per cent lenls lent.• Itnl. lents lenls lents Per cent Per cent Per cenl Per cent 
0.124 0.036 0.05.5 0.629 0. 781 &0.5 51.1 42.1 1.7 3.76 ~A, 0.137 0.410 112.0 0.414 

88.5 -i.4 2.9 .4 4. 01 C{ 0-3 .032 .061 .498 .5632 Superier _ 3-8 A, 11.1 .033 .211 86.5 .321 .084 
.003 .280 .. 440 63.6 6.6 6.1 3.0 1.59 c::j12-30 B 16.3 .159 .386 68.1 .200 .064 .013 

74.2 2.1 2.8 .9 2. 403HO C 9. i .083 .21'>8 70.9 .164 .104 . 028 None. .2'.16 . ;iUY 
.Ao .102 .350 03.0 .117 .074 .015 . ().j5 .251 .7S9 31.8 42.3 32.2 2.2 2. 16 

6-11 Al .OSO .188 91.4 .095 .040 .011 .019 .165 .. 511 32. 3 8.7 ~-----8~O- 6r 9 1.5 2. 74 
33.4 14. 9 1.7 .863 Beckett__ 10-611-13 B, .129 .247 -----.--- --------- ----~i20-

13-24 D, 8.9 .147 .265 ----iiO~8r--~OOi- .025 .008 .026 .. 537 22.3 16.8 11.1 1.0 1.28 ~ 
8.2 6.9 1.5 1. 6724-36 0 10.5 .092 .248 83.6 .045 .015 .0061 Noue. .006 .189 34. 9 
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Various phases of the process whereby podsolization takes place 
lUlYe been carefully studied by several European investigators. 
There appears, 11O"wever, to be still some difference of opinion as 
to the pltrt played by eluviation and that by solution and subse
quent precipitation in the transportation of conoidal materials in 
a podsol profile. There appears to be little doubt that both proc
esses nre operative. Tamm (31) believes the transportation of col
loidal material in a dispersed condition to be of particular impor
tance. He interprets the process of ortstein formation to be the 
J'esult of the flocculation by humus of silicic acid, alumina, and 
iron oxide, which have been transported in the soil as colloidal mat
ter. Albert (3) and Attrnio (1) have made careful studies of the 
relation of organic matter to the solution and precipitation of alu
mina and iron as ions and as colloidal solutions. Albert (3)7 found 
ILbout the same oxidizing conditions in the A and in the B horizons. 
From these experiments there appears to be little reason for as
suming the solution of ferrous organic compounds in the A hori
zon and their subsequent precipitation in the B horizon as ferric 
compounds. From this work the presumption is that the move
ment is largely mechanical. The work of Aarnio (1) emphasizes 
the importallce of the proportions of organic matter in colloids of 
iron and alumina as determining whether a dispersion or precipi
tate will result. The present investigation does not presume to an
swer the questiPIl of the nature of the movement of this soil 
material, nevertheless certain data. presented in Table 5 have a bear
ing on this question and are of interest for brief consideration. 

There is abundant evidence in many soils, ,Particularly those of 
the coastal-plain region which are podsolic III character but not 
true podsob, that colloillal material may be transported downward 
mechanically and either filtered out or flocculated in lower hori
zons. Evidence in support of this explanation lies in the approxi
mate uniformity of character of the colloids in the A and B hori
zons of such soils, but snch evidence is lacking in the true podsols, 
IOl' there thr colloids of the A1 and the "adjoining B horizons show 
wide differences in chemical composition. Thus it is evident that the 
colloid hat> not moved downward in unchanged composition from 
the A to the B horizons in such cases. Not only is there a marked 
difference in the ratios 01 the silica to sesquioxides of the two hori
zons, but the iron and alumina appear in widely differing propor
tions as well. 
It will be noted in Table 10 (p. 20) that when calculations are 

made on the basis Si02 +AI20s+Fe20s=100, there is only a moder
ate variation in alumina in the B horizons as compared with the Al 
horizons, whereas the increase in iron in the B horizons of the corre
sponding profilfl::; is enormous. Calculations from these figures show, 
in the case of the Beckett profile, about 20 per cent less alumina in the 
colloid of the B horizon than in the Al horizon. The iron increase, 
however, amounts to about 442 per cent. The Superior profile shows 
a similar contrast although somewhat less marked. The laboratory 
studies of Anrnio (1) indicate that relatively much larger quantities 
of organic matter are required to precipitate alumina sols than ara 

1 True podsols as understood ill this bulletin are developed only under good drainage
llnd frc(' from tbe influence of g,·oulld wateI'. 
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required for equivalent concentrations of iron preparations. The 
variation in the precipitation of the two sesquioxides on the basis 
of these experiments would seem to account for the genera.! character 
of the differences between the colloids of the A and of the B horizons. 
There are, doubtless, other factors in'Volved, which further data 
would help tt; clarify. For instance, the influence of iron and alumi
num ions in It solution as acid as pH 4 is not to be disregarded. 
Moreover, the rel.l,son for extensive colloidal dispersion in a medium 
as acid as this is not altogether clear. 

Property values for colloids of the two podsol profiles show char
acteristics as variable as those of chemical composition. Each pro
file shows relatively high values for the colloid of the Ao horizon, 
much lower values for the A1 horizon, and the B values are consid
erably higher than those of the A1 • The colloid property values 
throughout the podsol profiles show very different relationships to 
the major constituents from those ordinarily found. For instance, 
the AI horizons show the highest ratio of silica to sesquioxides, but 
the property values are low. The colloids of the B horizons have 
low silica-sesqllioxide ratios, but the property values are much higher 
than those ordinarily associated with this feature of chemical com
position. One factor which should be considered in this connection 
IS that the Al horizons of both of these soils are of relatively coarse 
texture and consist chiefly of very fine quartz particles and fragments 
of organic matter (Table 1), the easily extractable portion of the 
colloid being very small. Under these circumstances it would not 
be surprising if appreciable quantities of quartz particles below the 
limit of 0.001 millimeter in size were not included in the colloid. 

Examination of the optical properties of these two colloids by 
Hendricks and l?ry of this bureau (15) showed in each case that no 
quartz was detectable with the petrographic microscope, but X-ray 
examination showed its presence to the extent of at least 10 per cent. 
This might account to some extent for the anomalous properties of 
these colloids, for it has been shown that some of the properties of 
colloidal quartz have very 1';ma11 values (4, 6). TIllS is in accord 
with the somewhat abnormal behavior of the Leonardtown silt loam 
as reported by Holmes (17'). 

The high and varying organic content of the colloids of the 
podsol profiles and the anomalous behavior of these colloids with 
regard to their major inorganic constituents suggests that organic 
matter may have an important influence on certain properties. In 
several cases indirect evidence has shown soil organic matter to 
be relatively high in base-exchange capacity (16,1313). This does not 
seem to be true in all cases, however, for Burgess and :McGeorge 
(10) found negligible base-exchange capacity in an organic prepara
t.ion from an alkali soil. 

In view of the high organic content of some of the podsol colloids 
it was thought desirable to remove the organic matter by hydrogen 
peroxide and to redetermine certain properties. The complete re
moval of organic matter from some of these colloids was very 
difficult, and even its incomplete removal from a sample of any 
considerable size required enormous quantities of hydrogen peroxide, 
with frequent removal of the soluble products by washing. In each 
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case the soluble constituents were finally removed through a Pasteur 
filter and the residue washed several times with water. 

A comparison of the properties of colloids containing large 
quantities of organic matter and the same colloids aiter most of the 
organic matter lutc1 been removNl by hydrogen peroxide is given in 
Table 7. Included in this table also is a sample of organic matter 
pmpared from horizon B2 of the Beckett profile by treatment with 
l'trong ammonia and subsequent precipitation with acid. 

The removal of orgunic matter greatly reduced all the property 
vulues studied. Calculation of the part contributed by the organic 
mattel' to eaeh of the properties shows its influence to be of relatively 
high magllitude. The data in Table 7 indicates some variability in 
the organic colloid of the different samples and also some variation 
in the influence of a particular colloid on different properties. In 
eaeh case the organic colloid showed higher colloidal properties 
thull the inorganic portion. 

TABI,Ei.-liltrcct Of hydrogen peroxide trcntm.ent on the propertie8 of 80il 
colloici,y of Superi{)r alld Beckett soils 

Calcu-
IAdSOrp. lated Cnlcu- Calcu

Base- tion of lated Illtedhllse-
Organic exchange H,O heat of Hent of exchange adsorpn.,u, '"",;.1 T~'· capacltyl 0\'& 30 wetting tlon of wettingSoil Mri"" matter capacityzon ment per gram per cent per gram H,Oper per gram content I per gramof colloid IH,SO, of colloid gram of of Ofof orbyBaCI, per gram organic ganicganicof colloid colloid colloidcc;'.1old 

, -------------._-----------
MIIlI- Milli· 

.~:- ti~~~-Inchu Per cent Gram Calori•• Gram Calorl.. 
!HI ..... None. 68 0.789 0.162 (I) 1.052 0.231 

n6Ckett. _______{ 0-6 A, H,O, 12 .329 .M2 (') -------- --------- --------
6-11 ...., None • 22 .511 .080 8.0 1.024 .IS7 19.1 
6-11 Al H,O, 3 .386 .M7 5.3 --------
0-3 A. None. 62 .781 .137 ('l 1.080 .177 --------
0-3 Ao R,O, 8 .356 .080 ('lSuperior. ___ • __{ --------- ----.---- --------
3-8 Al None. 20 .563 .083 11.1 1.103 .13.'; 26.7 
3-8 A, R,O, 2 .3il .001 6.2 ----:330- -----46:ii12-30 D None. 10 .440 .159 16.3 2. IYS 

12-30 None. .24.'; .140 12. 9 --------- --------- ---------
Superior____ . { 

Organic matter 1.237 --.. -----~ .-------- --------- --------- ... -------
from Superior ·--~-I--~~~~-
Bsoll. 

, The al'proxlmllte orgnnic contents of the B,O, treated samples were computed from the differences 
bet.woon their 10$s on ignition and the ignition loss of small samples repootedly treated with H,O, and 
subsequently wushed. 

, Pnrtly wetted by water. 

Although organic matter in the different horizons shows consider
able variation in its influence on certain {ll'operties, the data in Table 
5 indicate fairly close similarity in ultimate composition. This is 
indicated by the fairly close agi'eement between the organic content 
calculated from the carbon dioxide given off on combustion and the 
organic content indicated by 10RS on treatment with hydrogen perox
ide. No exact correspondence between these ,'alues is to be expected 
because of the uncertainties involved in the use of the Van Bemmelen 
factor in the combustion method and the probable occurrence of base
exchange phenomena due to both the llresel'vative used in hydrogen 
peroxide and the ummonia formed in t Ie process. 
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CHARACTER OF LATERITE AND LATERITIC COLLOIDS 

The first stage of the lateritization process is generailly assumed to 
be one of kaolinization. Silicate minerals would, it is assumed, form 
alkaline solutions by hydrolysis and, under these conditions, a kaolin
ized product be formed. Under conditions of high temperature amI 
abundant moisture the kaolin is COil w'rted by further hydrolysis and 
the removal of silica to hydrated oxides of aluminum and iron with 
the simuLtaneous removal of more soluble sillca. Lateritization is 
therefore signalized by a lowering of the silica-sesquioxide ratio and 
a high degree of unsaturation of exchange bases. Indeed, as indi
cated by Martin and Doyne (B6), the lateritization may at times keep 
pace wIth the Imolinization. 

True laterite soils, w.ith their exceedingly high sesquioxide con
tents, are so distinctive that they are usually distinguishable by a 
cilemieul analysis of <'ither the whole soil or coNoid. If the whole 
prolile~ horizons of which may contain kaolinitic material, be con
sidel'eel, the composition of mdiyirlual horizons alone might not 
readily identify this soil group. 

The influence of the lateritIzation process on the character of soil 
colloids is shown by a study of the colloids from soils of profiles Nos. 
4, 5, and 6. The ehelllical' analyses are gi '-en in Table 8 and the 
properties in Table 9. The chemical analyses of the whole soils are 
also. shown in Table 2. 

'l'le Davidson profile, No.4, shows the lateritic process in plOg
re~. Sesquioxic1es are relatively high in proportion to silica but 
1mye not yet reached the extreme proportions characteristic of true 
laterites. The chemical constituents show a high dflgree of con
stancy throughout the profile, and property values ar~ of about the 
magnitude usually found in colloids with similar silica-sesquioxide 
ratios. 

The Nipe profile, No.5, represents 8 highly developed ferruginous 
laterite. The ('olloid of the first horizon nas been previously studied, 
and most of the data for this horizon given in Tables 8 and 9 are 
taken from It recent publication (5). The Nipe soil shows the very 
eif<'ctive removal of silica bv the lat('ritization process throug-hout 
the profile. It will be noted' in the ease of both this profile and the 
highly aluminous horizon of profi.le No.6 that the colloidal materials 
show somewhat higher perc('ntag-es of silica than do the whole soils. 
This relationship is in eontrast to that of most !'oils, for as a rule 
colloids are distinctly lower in silica than the soils from which they 

(are <,xtrncted. This relationship in the case of laterites is not sur
prjsing~ since the hydrated oxides of iron and aluminum are usually 
not easily dispprsed and the presence of some silica forms fJ.. complex 
which is often 1110re easi ly dispersable. Indeed, it is probable that 
the silica found in the colloid represents the residuum of unhydro
lyzed clay. 

The siIica.-sesquioxicle ratios of the Nipe colloids are very low, much 
lower than those of the Davidson. Property values are also low, but 
such properties as adsorption and heat of wettin~ are not appreciably 
diff<'rent from those of the Davidson colloids, incticating that there is 
some evident"c that minimum \'allleS for certain properties may be 
reached before silica-sesquioxide ratios approach the zero value. 1 

http:profi.le
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T A DLE S.-Chemical compos'ilion of laterite collo;d;a I of David80n and Nipe soil8 and bauxite 

,pro-I', I',I 1 I i I Ignl- \ Mois
A'~. Soil series I Depth I J~~;,I- SIO, AhO, Fe,O, , 1.1110 I CaO I MgO I K,O Na,O 1 'riO, 1 p,o, I SO, tion SIO, o ___,___,___!___I~. Xi~,+Fe.O, ~1---.--\-.- ~-l--

I Inchu p" cent' p" cent p" cwt Per cent Ptr ant :Per ctnt Per cent Ptr cenl : Per cent' p" unt Ptr cent' Ptr cent 
::zj 

'{ 0-9 AI 34.43 1 32.10 12.40 0.24 0.5810.92 O.fi() a.031 0.99, 0.25 0.17 17.08 
> 

l.~ 

Davl,1 . 9-36 il, :l6.92 , 31.67 10.0:l .06 .50 .41 .37 Xone. .02 I .IS .1!: 13.14 1.~ §
son_______________'. 31HjQ il, 35.37! 29. H 20.m .08 .3.'i .36 .IS 'l"rn(·e. .98 I . Ii , .11 J 12:10 1.~ 

. 60+ C 35.24 I 29.69 20. 10 .30 .50 .06 .17 'J'ru("e. .95 i .36 .14 I 12 ,:! 1.40 ~ 
0-12 1, 10. I9, 62.51 .23'.05 (') Trn("e. ________________ •__ ._______ 0.8615.~4 .m oNlpe___________________, 41)-f;O I 2,. 5.M: 1l.4i 66.59 .30 ('l .07 .07 .02 .411 .03 .14; 13.51 .li o-:j{ l00-IH 3! 12.89! 17.93 5:1.52! • liS (' .21 .10 .031 .57 1 .05 .14 12.70 .~ 

DnuI 'lle { 151;"214 4! 23.8.1 I' 43.29 i.56 .35 I (') .09 .02 . OS 4.44 .23 .15 19. iO .84 o 
~._=~-~=~~.~200 i 0 I 44,02 39.42 l.h31 .10 I (') .06 .05 (,) .37 .03\

1 
.05 13.93 1.84 o 

1 C"' 
C"' 

, .'nalyses by O. E. Edglll~lon. o ..... 
;:) 

TABLE fJ.-Propertie8 of laterite and lateritic colloids of Davidson and Nipe soils and bauxite ~ 
~ 

! H,O B,O Exchnngcable bllses per grnm of colloid EI I I I 
I v!lpor vopor h - r ColloId 

I Bent of adsorbed adsorbed c l~~~e- content IColloId 001- ::; 


~ 
. " o,'er o"er Mols· I Degree of soli contentPro lold ex Mols

SoU Borl-I "etllng 30 per 3.3 per ture • 'n.~,e .1 of sat- deter- Iof soilfile Depth trncted SIO,
No. serIes on I per cent cent e<lUIYB- CIlPllclt~ I ura- mined by me- from ~ gr'llol~f B,SOI B,SOI lent Ca Mg K Nn Total b'Tf.': of lIoD by H,O ,chnnlrnl soil 

AJ,Oi+'Fe,O, Ul 
00 I,er ver colloId 1 adsorp- : llllulysls ..... 
___ ,_~_~R_ll_~i_~_f _~_~_li_~1_3_f ___________________b~_._n_u_c_J, _____t_lo_D_I___I___I______ 

Z 
o 
t.>j 

Milli- Mill/- Nill/· NUII- MUII- MIU!- I I
tquira- tquiro* tquit'(l~ tqUiNw tquit'aa (quiro- fJ 

Galorit. Gram Gram Ptr ctnt Itnl. ItI,l. Iml. Itnl.! Itnls Itnt8 Ptr ctnt' Per cwt Ptr ctnl iPtr ctnt >.....

{ :r~r Z 
DavIdson I 36-60

1f-3t! ~ ~:~ O:~~ O:Ws ~U o:gg~ o:~ 0::: o:~ O:~~, ~m I ~U 1 ~:~! ~U: ~~:~ Ug
D, 0.0 .01i8 .319 79.7 .023 .020 .002 .010 .055\ .158! 34.8 66.5! 41.0'12.0 1.42 Ul 

, 84-96 o !l. 3 . (J,',g .315 79.4 . 025 .0"20 .004 .020 .075 • 150 48. 1 29.6 ' 24.2, 2'2. 1 1.40 o 
0-12 1 6.4 .054 .241 58.0 _________ _________ _________ _________ _________ .031 ________ 73.9 i 50. Ii 1________ .31 t1Nlpe_____! l~n4 i 2 6.8 .053 .240 --------- --------- --------- --------- --------- _________1 .020 -------- 02.6 , 56.3 i 8.1 .17{ 3 5.8 .0.,7 .2.10: 48.8 __________________ , _______ • ,________ _________ .\)21,________ 117.6, 50.0 10.0 .42 Ul 

4 2. 9 .018 .0051' 52. 6 _______________________.. __ ...______ .________ . OBi i-------- 32,8 13.3,:_______• .84 

G I llBulite.. 1{156-214 1 o 1.8 .009 .057 58.1 __________________ .________ _________ _________ .1001-------- 5i.4' ~. 5 22. 0 LB4
250-200 

!-6....:r 
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The two horizons of the bauxite profile present marked contrasts 
in the composition of their colloids. The composition of the highly 
aluminous layer shows a high sesquioxide content charncteristic of 
the lutel'itcs, whereas the kaolinitic layer varies but little from the 
theoretical value of the silica-sesquioxide ratio for kaolinite. Inci
dentally it may be mentioned that the loss on ignition, in this case 
pl'llctically wholly water, is almost exactly the theor'etical value for 
kaolinite. Property values for the colloids of both horizons are 
very low, the properties of the kaolinitic layer being far below those 
usually accompanying soil colloids of corresponding silica-sesquiox
ide ratio, and more like those of certain pure mineral colloids 
(4,6,187). 

In view of the unusual chal'acter of the colloids of these two hori
zons it was thought that data regarding their optical properties 
iVOllld be of interest. According to ~.n examination of these two 
colloids made by 1V. H. Fry of this bureau, by means of a petro
~1'Ilphic 11Iicroscope, the gl'eat Illass of the material from the kaolin
lzed horizon is isotropic und has colloidal characteristics. In this 
isotl"opic maSs faint points of light, between crossed nicols, are 
plentiful and suggest extremely slUali crystals. The refractive in
dex of the isotropic aggregates is about 1.56. Occasional faintly 
doubly refracting aggregates were found. These had an index the 
same as the isotropic material. Only vague shadows could be ob
served as interference figures, and these were indeterminate. Very 
rare crystals, too small for complete study, show the refractive index 
and approximately the interference figure and axial angle of kaolin
ite. The material of the aluminous horizon is well aggregated, the 
aggregates showing a brownish coloration in transmitted light. 
Practically all the aggregates show a faint double refraction between 
crossed lli'cols; but not eyen a snggestion of an interference figure 
was obtained. The refractive index is difficult to measure on ac
count of the coloration of the aggr'egates but is apt>roximately 1.58. 

In several respects these materials differ significantly in optical 
characteristics from those of a large ~roup of colloids described 
by Hendricks !lnd Fry (15). The alullllnous horizon was character
ized by the ab~enc('. of any sugg('stion of an interference figure and 
by the deep colol'lltion of the colloidal aggregates. The colloid from 
the lmolinized material was even more strikingly different from that 
of the cOllullouly obtained soil colloids. It was isotropic, whereas 
pl'llctically all tll(' others studied were anisotropic. It had a lower 
llldex of l'eIl'uetioll than any of the soil colloids previously reported 
and lucked the muss opticnl effect ",hieh is usually found. 

The exchangeable bases present ill the colloids from profiles Nos. 
5 and 6 wer(' not determined, sinee it was shown that the content 
of total monovalent and divalent bases given in Table 8 are very 
small :ll1d in seyeral cases not mOre than a trace. The exchangeable 
base capacity is very small, and jUdging :from the pH values of the 
soils given in Table 2, the presumption is that the degree of satura
tion is relatively low. The horizons of profile No.6, particularly 
of horizon No.4, contain a little soluble aluminum sulphate, which 
is sufficient to account for its low pH value and its high 80s content. 
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COMPARISON OF COLLOIDS FROM DIFFEHENT SOIL GROUPS 

The reactions typical of the different soil-making processes take 
place undel' widely differing climatic conditions and are distinctive 
in character. However, the different processes may result in the 
formation of profiles having horizons whose colloids possess consider
able similarity in chemical character. 

In order to facilitate comparison of the colloids of the different 
classes their major constituents have been recalculated on the basis 
Si02 +AlzOa+Fe20 a = 100. These values, to~ether with the silica
sesquioxide ratios from previous tables, are gIven in Table 10. 

'fAur.El lO.-Che-lItical Co-1nposition of soil col/oids calculated on the basis 
SiO,+Al,O.+Fe,O.=100 

MoisPro- Hor!tIIo Boil sor!~.s Dopth SiO, AhO. ]<'0,0, SIO,zonNo. 	 AhO, Fe,Oa 

Inche3 Per cent Per cent Per cent 
0-5 1 62.09 Z7.09 10.82 3.10 

10..20 2 62.19 Z7.42 10.39 3.09 
1 A''''''''''_______________ __ 11 3!H0 3 62. 43 Z7.28· 10.29 3.13 

J 
54-64 4 61.35 28.84 9.81 2.97 
70-76 5 62.20 28.56 U.24 3.06 
96-100 6 62.97 27.57 9.46 3.18 
0-3 Aa 66.44 23.89 9.67 3.76 

Superlor_____.. __________________ l t 3-8 AI 68.52 24.72 6.75 4.012 12·30 B 45.01 36.81 19.18 1.59 
30-40 0 55.14 28.77 16. 09 2. 40 
0-0 A. 29.64 2.16. 52.35 18.01 
6-11 AI 59.80 31.56 8.64 2. 74Beckett. _______..______________ :1;13 	 11-13 BI 28.03 26.16 46.82 .86 

13-24 	 B, 39.46 30.71 23.83 1.28 
24-36 	 0 46.71 37.50 16.79 1.67 
0-9 A 43.62 40.67 16. 71 1.(6 

4 Davldson____ ...._______.._____.. __ :{ 9-36 BI 43.03 37.43 18.94 1.49 
36-60 	 B. 41.41 34.46 24.13 1.42 
60+ 	 0 41.44 34.92 23.64 1.40 

5 Nipe __________.. _______________ I 46-60 1 11.51 17.89 70.60 .31
;\ o-J2 2 6.64 13.72 79.64 .17 
I 100-14" 3 16. 28 21. 26 63. 46 .42 

156..214 31.91 57.97 10.12 .8461 BBuxile________................ - ..- ........t 250-290 
 6 	 61.62 46.23 2.15 L84 
I 

" 
So far as the major constituents alone are concerned the podsol col

loids embody in IL single profile a range of chemical variation com
parable with the colloids from the widest e:\.i;remes of climate. In the 
Al horizons they are as high in silica and have as high silica-sesqui
oxide ratios as colloids fro111 pedocal profiles formed under low rain
falL In the B horizons they have the silica-sesquioxide relationships 
characteristic of hot humid conditions where lateritization is far 
advanced. The profiles as a whole, however, show wide differences 
from those of either the pedocal or lateritic soils. Under these cir
cumstances variations in some of the minor constituents, such as 
organic matter and monovalent and divalent bases: indicate signifi
cant differences between the groups. Furthermore: there is sonie evi
dence that even the iron present may show differences not revealed 
by a gross Ilnalysis of major constituents. Qualitative observations 
indicate a marked difference in the character of the iron compounds 
of the B horizons of the poclsols as compared with either the laterites 
01' the red colloids of the pedocal profile, the iron in the podsols 
being much more soluble in 0.05 N HOI. The podsol colloids of the 
B horizons have monovalent and divalent bases somewhat in excess 
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of those of lateritic colloids of similar major constituents. Further
more, the podsol colloids of the A horizons with major com;tituents 
similar to those of the pedocals have somewhat similar base contents 
but nre ehnrncterized by property values much lower than those of 
colloids hom the more arid relfions. This is probably to be accounted 
for by the presence of free sihca in the collOld. 

The datu givcn in Tubles 6 and 9 show, in some cases, much wider 
variutions in the lidsorptlon of wnter vllpor over 3.3 pCI' cent sul
phuric add thun the values shown for the colloids of most agl'icul
turnl soilH. There nrc some indications that in certain of these unusual 
soils, sampll's of the colloid extl'lLeted may be less representative of the 
whole lIlHonnt present nnd that gL't:'ater alteration of adsorptive 
power nmy take place OIl extl'llction than is uSlIally the case (13). 
'fhis detennination when used as a basis for estimating the colloid 
conteJlt of soils would then in these ullusual cases, whether of large. 
organic contt'nt or of very low silica-sesquioxide ratio, be expected to 
sltow somewhat less a('ellL'Utl~ results than are usually obtained by this 
method. Therefore, the results in Tables 4, 6, and 9, compttring the 
~lolloid CO't1tjclltts by Ibl,·obmethodSt' sdhowTlh'n soml~ cnses di~crepancl'iels off 
t lC type Hl wou ( e ex\)ec e . ese (lSCrepanCles wou ('1 0 

course, be in some casl's, lluuimized and in others increased it an 
arbitrary adsorption value of :30 per cent were assumed for the 
colloid in each case. 

V nInes for colloid content indicated by the other methods de~ 
pendent on property values of the colloids would also be expected 
to show less than the ordinary degree of accuracy, 

•
pH VALUES OF ELECTRODIALYZED COLLOIDS 

'1'he pH values of the different isolated colloids are not included 
in the datlt presented in the foregoing tables on account of the in
fluence which varying quantities of deflocculant may have had on 
this determination. There is, however, somo indication that the 
pH vltlues of the colloids after electrodialysis may be of significance. 
It is wellImowll that electrodialyzed soils are usually much more 

acid than the most extreme samples of naturally occurring agricul
tural soils. There is also an indication that the pH v"lues of dif
tel'ont electroc1ialyzed soils may show considerable variation (iB, 8, 
19). It may be assumed that the acid character of the electrodia
lyzl'c1 soils resides primarily in the colloidal material and that the 
intensity of the acidity (leveloped may, like many other properties, 
vary with tho chemical character of the colloids. 

Preliminltry study of a few of the colloids used in the present 
investigation showed significant differences in the pH values of 
certain ones ha't-ing varying silica-sesquioxic1e ratios. It seemed de
sirable therefore to investigate the remainder of the group. As the 
work'progressNl it became evident thnt the determinatIOn was greatly 
influenced by several factors, important among which are the colloid
water ratio and presumably the state of dispersion, although no spe
cific data were obtained regarding the magnitude of the latter. 
Duplicate results of pH determinations may be obtained readily when 
samples of a colloid in a similar physical condition are electrodia
lyzed and the same proportions of colloid and water used. But if the 
condition of the material varies, there is indication that considerable 

~ 

~ 

• 
• 
~ 

t 
I 



OHARAOT.ER OF COLLOIDAL MAT.ERIALS IN C.ERTAIN SOILS 21 

differences in pH values may be expected. Each of the colloids 
dialyzed in these studies had been nir-c1ried and ground previous to 
dialysis. As the work progressed it appeared probable that some
what lowel' pH values might, in SOI11<3 cuses at leust, hu,ve been 
obtltined if freshly dispersed coUoie! had been placed in the dialyzer 
instead of that which hud been air-dried, Colloids of courSe floccu
lated in the dialyzer lind settled, lellving ordillnrily It clear super
natant liquid. It Wlli::i possible to obtain from the bottom of the 
chumber any cOl1centmtion of suspension desired. An Itttempt was 
tnad!?: in ~a('h case to I1se for pH determinations approximately the 
maximum concentration in which an electromet,'ic determination 
eould be properly Illucle ill an electrode vessel of the bUbbling type. 
The ratio of 'colloid to water wns in most cases approximately 1 to 
2 or 3. 

The pH yulues or the v:trious electrodialyzed colloids are given in 
Table 11. Included in this table are the pH values of the freshly 
dinlyzed colloid, the !';ame colloids nfter being air-dried for several 
weeks and subsequently submerged in water for three days, also 
the pH values OT the supernatant liquid from the eolloid in the 
di:tlyzer when it was obtainable clear or nearly so. 

The data in Table 11 indicate a tendency toward a direct rela
tionship between hydrogen-ion c01lcentration anel silica-sesquioxiele 
ratio. This relationship is, however, not It close one, and about all 
that run be sllid from the data at hand is that the hydrogen-sntu
l'Ilted laterit('s ha.ve, as a rule, highel' pH values than those of colloids 
of higher silica-sesquioxic1e ratio, If methods were available which 
would obvinte the va.riations dlle to differences in dispersion and 
Othl'l' more or less intangible factors, the relationship might appear 
mueh eloser. As a rule, the colloids of low silica-sesquioxide ratio 
show n· more marked tendency toward flocculntion when hydrogen 
saturated than do those of higher ratio, and this may be responsible 
for part of the differences in pH value. 

T,\IlU; It.-Hydrogen-ion collcentration o( cleclrodial'yzed Boil colloids 

1\<1 1 pH nClcr 1 , n mum drying and pH oC ~ ear MolsTlorl·Soil s~rl~s Dopt.h p II oC 3 days' liQ,U1d
zon Cn'sh sus· subscQuent abo.o col. ,....,.,...."..-,.SI""O,....-=-

pension submersion laid AhO,+Fe,O, 

I 
incM.. I0-5 3. 18 a.24 6.87 3.10 

10-20 2. S8 3.44 4.0ii S.OOAmarlllo••_____________________ _ a alHo 3.01 a.:l1 6. :;8 3.134 54-M 2. 45 :UH ___________ _ 
2.11770-75 3.08 a. j,; L _____ .. __ _ 3.00 
3.181Ig:~OO ~: r:l _______~~~~.1 ~: ~~ 

Superior______•______•________ •• { 3-8 3.21 ___________ -' ______ ... _.. 3.76 
4.0t

12-:10 4.24 __....___ .. _1' 5.!)! 1.59 
31H0 4. 15 4. i8 .1.81 2.100-6 :l.02 _________ ... O. ~4

Beckett. _.....__________________ { 2.1fl 
(HI 2.1.5 :l,IH 4.110 .sa13-24 ....____ .... 4.78 ___________ _ 1.280-9 :l. GIl 4. S.1 ___________ _ 1.46IJ-3a 3.:n :1.5S ___________ _ 

36-60 3.117 4.0'2 ____..____ __ 
D/lvldson. _______ •_____ .. __ •.• _{ 1.·19 

1.4260+ ____________ 4.21 ______..___ _ 
1.40

Nipe.._______.. _....____ ._ .... __ { 0-12 5. OS .___________ 5.12 .31100-144 fI,27 ____________ a,07 .42Bauxlte___ ....__ ...._.. _••• ___ ._ 156-214 4.:16 ____...._.._ 6.45 .84Kaolinl1.ed syenllo ___ ..... _____ • 2.10-2!10 4.2!1 ....________ ..______ .. __ 1.84 
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Marked differences h:tve been observed by Bradfield (8) in the pH 
values of electL'odinlvzed colloid!'; and clear solutions from which the 
colloidal materials h'aye settled. It is evident that the hydrogen ions 
closely associated with the micellm are in many cases responsible for 
most of the acidity shown by such materials. Taking the colloid 
from horizon 1 of the Amarillo profile as an illustration, the super
lIatnnt liquid shows only negligible deviation from theoretical neu
tmlity, whereas :t snspensiOIl of the colloid shows a pH valne cor
responding to about 0.0007 normal solution of completely ionized 
acid. In view of the enormous influence of 'what may be presumed 
to be surface hydrogen ions it may be assumed that surface contact 
of a colloid micella upon the hydro.~en electrode is an importunt 
factor in the pH det{'rmination of such materials. 

The coUoids which were air-dried and remained in this condition 
for seYer!ll weeks before bein" snbmerged and the pH values rede
termined, show in most cases~ higher pH values than the fresh mate
rials. Although a part of the apparent comeback may have been 
due to poo\'e!' dispersion aiter drying, nevcrthelcss, some real change 
probably took place. The work of Alben (Z) with l')oils show~d 
about tIl{' same differences in pH value when electrocUalyzed soils 
were kept suhmergec1 anel when allowed to dry out. The comeback 
shown. by the electrodialyzecl colloids is probably indicative of It 

tendency on the part of the so-called nonexchangeable bases to 
nnc1e!'go !'carrangement within the particle in such manner that a 
part of such bases are capable of ionizing in the surface layer. In 
other "'o!'ds, this change is indicative of a transformation of some of 
the nonrxehangeable base into exchangeable form. This explanation 
accords with unpublished data presented by Kelley (f!O). 

SUMMARY 

The l'eRtIlts of the influrncc of each of three major soil-making 
processes on the cha,racter (,t the colloidal materials developed in a 
soil profile were studied. The processes include calcification, pod
solization, and lateritization. Each profile studied is representative 
of the. dominating influence of a single one of these processes opera
tive to the extent of developing a typical profile of its kind. 

The chemical composition of each of the colloids and the various 
properties "'hic11 serve to characterize these materials were studied. 
These properties include heat of wetting, adsorption of water vapor 
over 30 per cent sulphuric acid aBel over 3.3 per cent sulphuric acid, 
moisture equivalent, content of exchangeable monovalent and 
divalent baR(,s, and base-exchange capacity. 

On the oasis of the data presented the calcification process leads to 
uniformity of colloidal material so far as major chemical constitu
ents are concel'l1e(l. Th(' ratio of silica to sesquioxides is relatively 
high ns are also most of the property valu('s. Colloidal calcium car
bonate is present in the lower horizons and this material appears to 
poss('ss relati,'ely low property values. 

The podsolization process leads to the formation of profiles con
taining colloidal materials of widely varying character in the differ
ent horizons. Silica.-sesquioxide ratios of the Ao and Al horizons 
are high, those of the B horizons are relatively low, and those of the 
C somewhat higher than those of the B. Property values of the .A.l 
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and B colloids are unomalous, those of the Al being much lower and 
those of the B horizon colloids much higher than usually accom
pany sueh silica-sesquioxide ratios. Organic mattel' is shown to play 
an important part in the properties of these colloids. 

The lateritization process leads to the development of colloids 
whose ratio of silica to sesquioxic1es is low and whose property values 
are low. The Imolinized horizon has low property values com
pllrabl(' to those of mineral powders rather than to ordinary soil 
material.

• The hydrogen-ion conC'('ntration of electrorlialyzed colloids varies 
widl'ly. Thes(' vllriations show no close relationship to chl'mical 

• 
composition. However. there is Home tendency toward It direct re
lationslti p bl'tween hycli'ogcn-Joll llnd silica-sl'squioxide ratio, the 
pH valllcs of the laterites being much higher thlln those of colloids 
with high siliell-s('sguioxi(le ratio. Long standing of the colloids 
after electrodialysis brought about an incrl'nse in pH "nIlles, sug
gesting that Il pnrt of the nonexchangeable bases of the colloid par
ticles mlly have b('('onw ('xehangpable, thus replacing some of the 
hydrogen-ions in the surface layers. 
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