MINERAL RESOURCE
RECORDS DIVISION
o Grim, RE.

Ms. 2.0

ILLINOIS STATE
Weathering of loess in I1linois | GEOLOGICAL SURVEY

by
R, H, Bray*, R, E, Grim**, and M. M, Leighton*#**

—_————

—————
Introduction

The first work on soil formation in Illinois by the Illinois
Soil Survey of the College of Agriculture of the Universiﬁy of

Il1linois followed, to a large degree, the Russian School  of Soil

Glinka, D,, Die Typen der Bodenbiidung, ihre Klassifikation und
geographische Verbreitung, Gebruder Borntraeger, Berlin, 1914,

development, Accordingly weathered profiles were divided into

three horizons as follows:

Horizon A ¢ Zone of eluviation: material has been removed
and carried to a lower horizon,

L B : Zone of accumulation: material has been added
from Horizon A,

- C Zone of unweathered or slightly weathered parent

material,

¥ Agst. Chief in Soil Survey Analysis, College of Agriculture,
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Detalled field studies by Smith and Norton, of the Illinois Soil
Survey, and Leighton and MacClintock, of the Illinois Geological

Norton, E, A.,, and Smith, R, S,, Horizon designations: Bull, IX,
Am, Soil Surv, Assoc. pp. 83-86, (1928),

Smith, R, S,, and Norton, E, A,, The structural anatomy of the
soil profile: Bull X, Am, Soil Surv, Assoc. pp. 35-37 (1939),

Leighton, M, M,, and MacClintock, P., Weathered zones of the
drift sheets of Illinois: J. Geol, 38, pp. 38-53 (1930),

Survey soon led to the recognition that the Russian system of

horizon nomenclature was inadequate because it failed to fully
recognize ar provide for the possibility of the occurrence of a

zone or zones of alteration beneath the zone of accumulation., Norton

and Smith on the basis of studies of weathered surface loess

Norton, E, A,, and Smith, R, S.,, Idem, 1928,

divided the former C horizon into C, D, and E horizone as follows:
C, a zone of alteratlon without appreciable accumulation; D, zone of
slight alteration containing some primary carbonates; E, unaltered

parent material, Leighton and Mac Clintock on the basis of studies

Leighton, M, M., and MacClintock, P,, Idem. 1930,

of weathered buried drift sheets divided the weathering profile

for this material as follows:
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surficiasl soil,

Horizon 1

zone in which material is oxidized, leached, and
all but most resistant constituents chemically
decomposed,

1] 2

- 3 ¢ zone in which material is oxidized and leached,
i 4. : zone in which material is oxidized.

. 5 zone of unweathered material.

It was also shown that the weathering profiles developed on surface
deposits were relatively less mature, 1.e,, alteration had progressed
less far, than the profiles developed on buried depesits,

The effect of topography and drainage on horizon development
was recognized by the above workers, Norton and Smith  described
the influence of these factors on surface loess profiles, and

Leighton and MacClintock  described their influence on buried drift

Norton, E. A,, and Smith, R. S,, The influence of topography on
soll profile character: J. Am. Soc. of Agron. 233, pp. 251-363 (1930),

Leighton, M, M,, and MacClintock, P., Idem, 1930,

profiles, The concept of the latter workers is given in Fig, 1,
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Fic. §—Diagrammatic summary of the gradational series of weathered profiles on the Illinoian drift in southern Illinois,

from the well-drained to the poorly drained types (thicknesses given are averages from computations made by courtesy of R. S.
Smith and E. A. Norton, Illinois State Soil Survey).

In the course of the intensive study of Illinois soils which
the Illinois Soil Survey has made, particular attention has been
pald to the loesslal soll because most Illinoils soils are of this
type. Attention has been given to the distrlbution and charscter=-

istics of the loess eand the weathering changes and resulting soils

Smith, R, S,, Norton, E, A,, Winters, E.,, and Wascher, H,,
Parent material, subsoil permesbility and surface character of
I1linois soils: Univ, of Illinols, College of Agriculture, 1935,

developed on 1it,
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A considerable number of chemical studies have also been
recently made which have thrown light on the development of these

loess soils, In the latter part of the chemical study of loessial

Bray, R. H., Base-exchange capacity studies on certain soil types
in Illinois: Am., Soil Survey Assn,., Bull, XI, 161-188 (1930),

Bray, R, H., A chemical study of soll development in the Peorilan
loess region of Illinois: Amer, Soil Survey Assn, Bull, XV,
pp. 58-85 (1934),

Bray, R, H,, The origin of horizons in claypan soils: Amer, Soil
Survey Assn, Bull, XVI, pp., 70-75 (1935).

soils, the Illinois State Geologilcal Survéy has cooperated in supply-
ing petrographic analyses and interpretations from the mineralogical
and geological point of view, On the basis of this work the profiles
developed on loess by present weathering have been divided into the
following horizons;
Horizon I : The surficlal soil, The horizon of eluviation,
: containing fewer colloldal silicates than were

formed in plsace,

Horizon II.: The horizon of illuviation, containing more
colloldal silicates than were formed in place,

Horizon III : €olloidal silicates present mainly fommed in
' place,

Horizon IV ! Similar to Horizon III except for the presence
of primery carbonates.

Horizon V : Relatively unchanged parent material,
This division of the profile into horlzons recognizes the large
part played by the formation and movement of colloidal silicates
in horizon development in these solls which led one of us (Bray)

to name this type of development, the silicatic type of soil
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development. These divisions are applicable to most of the profiles

i/
Bray SRe H.y fldems 19357

in Illincis, They vary from the divisions proposed by Norton and
Smith and by Leighton and MacClintock in that the movement of the
colloldal silicates, 1s used as the basis for separating the three
main weathered horizons, i,e.,, Horizons I, II, and III, élthough
in general the major concepts of the Russian system and the apove
mentioned modifications of the Russian system are retained, Sub-
divisions of the main horizons are given letters, a, b, c, etc,

The present paper presents:the resuﬁﬁewiscured from the cooper-

, S

ative study of the weathering of loesa[@ade by the Soll Survey
Analysis Division of the Agronomy Department of the University of
Illinois and the Illinols State Geological‘Survey;) I; is proposed
here to discuss in detail the mineralogical, textural, and chemical
changes taking place under present day conditions of weathering,
These data may be taken as i1llustrative of the general results of
weathering in a climate of the type prevailing in Illinois and on
unconsolidated rocks of about the composition of loess, If the
Russian philo§0phy of soil formation 1s accepted which considers
climate as the dominant determative factor, the data are illustrative
of the weathering effects on any kind ©f parent rock in a similar
climete., In Illinois a humid temperata climate characterized by
warm summers and cold winters prevaills., The mean summer temperaﬁure
is about 75°, the mean winter temperature 1is aboﬁt 38°, the growing

season is 170 to 192 days and the rainfall is 30 to 40 inches, A

fairly uniform distribution of the rainfall occurs,
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The soil resulting from the weathering processes affecting
the loess 1s of the podsol type although not a true podsol since
it does not heve the accumulation of humus matter and free oxides
in Horizon II that is characterlstic of typical members of this

large group of soils,
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Distribution and age of loess in Illinois

(wrtte-up by M. M, L,)

(including map in which location of sections
of loess studied are given)



==
Procedure

Sections of Peorian loess at three locallities increasing
distances southeast of ﬁasondountyﬁllinois, were studied in
detail, They represent material occurring under conditions of
poor subsﬁrface\drainage which, for the following reasons has been
subjected to increasing amounfs of weathering, (1) The loess in this
area had its sourhe in the Illinois River valley, and, consequently,
1t is thickest and 1ts.dep091tion continued longest directly ad-
Jacent to the valley., Weathering processes, therefore, were of
prime importance at some distance southeast of Mason County while
deposition was still dominant in Mason County. (8) There is a
slight increase in the length of the frost-free éeason southeastward
from Mason County, which increases glightly the relative rate of
weathering in this direction, (3) The loess in this area is im-
mediately underlaln by gumbotil, The effect of decreasing thicknesses
of lcess southeastward with such underlying materizl in poorly
drained areas is to make them even less well drained, Poorer drain-
age results in an increased rate of weathering after the removal
of carbonates,

Samples were collected from each section of loess from several
horizons (see profile descriptions) from the surface downward,
Samples ffom each horizon were thin sectioned and fractionated by

the supercentrifuge technique of Bray, Grim and Kerr, In this

Brey, R, H,, Grim, R, E,, and Kerr, P, F,, Application of clay
mineral technlque to Illinois clay and shale: Bull. Geol, Soc, of
Am. 46, pp, 1909-1926 (1935),




=]0=
method the original materiel is fractionated into:
R = Residue +1 micron
C - Coarse Colloid Fraction 1-,1 micron
F - Fine Colloid Fraction ,1-.06 micron
8 - Very Fine Colloid Fraction -,06 micron

Mineralogical identifications based on the opticsl, X-ray and
/

~ X-ray analyses were made by Prof, P. F. Kerr, of Columbia
University, New York City,

chemical zanalytical data were obtained for each colloid fraction
of most horizon samples, The constituents of fhe residue were
identified by means of thelr optical properties, Since all sections
of loess studlied in this sequence occurred under poorlyAdrained
conditions, possessed original loess of about the same texture
and mineral composition, and had about the same plant growth
covering (prairie), these particular factors, which may influence
weathering effects, were held constant,

Additional series of samples from the various horizons, from
the surface down to unweathered loess, were collected and studied
from other sections of loess occurring under well drained conditions,

end possessing a different plant cover,
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Weathering of loess under conditions of poor
subsurfece drainage

The locations of the sectlions of loess studied which yielded
the data on which the following discussion is based are given in
figure 2, The section in Menard County which has undergone the
least weathering represents what is here designated as Stage 1,

The section in Fayette County, which has undergone the most weather-
ing, represents what is here called Stage 5, The section in
Christian County represents an intermediate weathering stage desig-
nated as Stage 3, Detalled descriptions of the sections studied
from the surface downward are given in Tgblee I, II, and III. The
analytical data and mineral identifications for all fractions of

the horizons studied are given in Tgbles IV, V, and VI,

The vertical distribution and abundance of the mineral con-
stituents of Stage 1 and Stage 5 are shown diagrammatically in
Figures 3 and 5, These diagrams illustrate the fact, discussed in
detail later in the paper, that there has been vertical movement
and concentration of some constituents in the weathering of the
loess, In order to emphasize this point, the data for Stage 1 have
been recalculated on the basis of no vertical movement, The results
of these calculations, portrayed in Figure 4, have been obtained
by the following procedure, The aluminum content (corrected for
carbonates) of the lewermost horizon which is unweathered loess and
where neither gain nor loss of materisl has occurred, was taken as
the original aluminum content, The increase in aluminum content in
horizon II ghove this value was converted to the equivalent per-

centage of superfine colloid and a corresponding subtredtion made,



TABLE 1
Profile deseription of Stage i

Type: Bumber 44, Hartsburg silt loem (formerly Eenmouth)

Locetion: T 18 ¥, R 7 ¥, Seection 6, NE 1/4 BE 40, NE 10, Menard County

Topogrephy: Slight slope %o NE, Calcarecus at 33" - water table at 70®, Vegetation originally
prairie - now roadside sod
Sampled by: E, A. Norton end K, H, Bray 8-3-33
' ' “Colloids Percent
Bumber Horizon Depth Description Percent Percent CaCOg
1 micron® Org, Carbon*® Equiv.®
14034 Ia 0-8 ®* Blsck laminsted silt loam 32.3 8,53 lone
14035 In 8-14" Subangular particles - clayey siltlcam 25.3 1.46 *
14038 Ic 14-18% Treneition to Ila. Subangular - coated
' drab brown 31.0 , 86 .
14037 1la 18-24" Prisms 1-1 1/3%, Coated drab brown. Inside '
color yellowish gray. Slightly compact
eley losm : 31.6 BT »
14038 Iv 24-31" Similar to Ila., Less compact. Red
, yellow splotches 38,3 3 § "
14039 IVa 33-40" Cglearsous {sscondary end primsry) frisble
silt, pale yellowish gray 17.0 40 8.3
14040 Ivb 40-53" Similer to IVa, Splotched red yellow 10,7 « 30 17.0
14041 ive 53-64 Very friable. Similar to IVb. Small land
snail shells 8.0 «3B 34.0
14043 Iva 64-73" Very frieble., Similar to IVe. Large lime
concretions up to 5% long. 7.0 .88 a7.0
Calcarsous loess to 190", showing 1ittle difference from IVe and IVd, Hot studied below 190*, IV4

hes slightly more red color indicating some Fepgly sccumulation due to drainage conditions,

®Determinations by Eric Winters.



TABLE IX
Profile description of Stage 3
Type: Bumber 127, Harrison siit loam
lLocation: T 13 B, R 3 W, Section 6, NE 1/4 NE 40, SE 10, Christian County
Topogresphy: Very gentle slope to north. Vegetation originally prairie - now rosdside sod

Sampled by: R, H, Bray and E, A.Horton 8=-16-32
| ' Collicids
Bumber Horizom Depth Description Percent Fercent
, 1 micron® Ore, carbond
14065 Ia 0-7 * Laminated, friszble, grayich brown noilt loam 15.4 1.89
14086 Ib 7-13* Very smell particle structure. Friable 17.8 1.66
14067 Io 13-18" Trensition. Prisms begin. Paticles coeted brownish 25.8 . 1.18
black, hewvily gray apecked
14068 IXa 1B-35" ©Priems 1 1/2 to 4", Costed brownish black, Compsct and 38.4 <76
mediom plastic
140869 IIv 235-31%" Coatings more drsb than above, Inside color lighter B3 .49
14070 Iic 31-38" Slightly compsot and plastic. More yellowish color
- then sbove 29.4 o 3%
14071 I1Ya 38-48" Transition. Prisms sbsent. Very slightly compact. 38.8 «23
Pumerous dark bromm pellets.
14072 IIIb 48-80" Very friable, Oray splotched with yellow 8.1 . .08
14072 IIIc ©60-68* Light gray splotched with yellow, Very friasble 15.4 .08
14074 III& 68-74" Darker coleored loess on weathered till, 14.5 .14

Loess 74" deep, Carbonates absent,
®*Determined by Eriec Winters,



TABLE IIT
Profile description of Stage §
Type: Bumber 2, Cisne silt loam (U. §. Bureau = Corey)
Location: T 7 H, B 1 E, Section 4, NE 1/4 NE 40, HE 10, Payette County,
Topogrophy: Slope very gentle to BE, Veggetation originally prairie - now readside sod,
Sampled by: R. 8, Smith, E. A, Norten, and D, C, Maxwell.

. V olloids
Number Horizon Depth Yescription Percent Percent
: ‘ 1 micren® Org, carbom®
14083 ia 0-8 ®  Brownish gray friable silt loam. Laminated iz.0 1.51
14084 Ib 8-14" Light brownish gray. Friable 13.2 77
14085 Ic 14-31" Ashy gray lsyer. Bumerous iron concretions st
20 198 to 21", #Ho transition horizon , ; 9,0 38
14086 Ila 81-31" Prismetic, Heavily gray coated, Very compsct and
plastic, Inside color yellowish gray with ysllowish
brown splotching , 43,0 53
14087 In 31-38" Less coating. More splotching than 1la 37.1 37
14088 Iie 38-48" Less compact and plastic - more gray than IIb 38.8 +88
14088 Ila 46-53" Heavily iron stained. 9Slightly compact and plastic 25.8 o34
14080 Transition 53-56" Frisble, Dark gray. Probsbly nixed with underlying
till, Transition horizonm 83,0 o 34
P

All of profile highly acid, True III horizon not prosgent.

® Determined by Eric Winters.



Horizon Fraction 910,

- IVa

“ W O w

w = O

o = O W

50,78
47.64
35.71

50,82
47.43
46.84

50,82
47.38
48,64

45,47
41.48
4z,.52

4
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TABLE IV
Analytical data for ssmples from Stage 1 profile

Chemiesl data

FeaOy Mg0 Ca0 K0 Ign,

AlaQy
20,43 6.38 1,55
31.38 9.42 1.79
14'89 ?t” 1.29
23,26 8.423 2,01
30,98 10,88 1.82
19,82 10,66 1.71
20,43 0.5 2.34
'20.41 13.13 23.23
18,85 11,39 1.89
18.98 15,06 2.28
16,06 18,83 2,48
15,68 14.33 2.63

Ao T i £% o) Crre vl

14
«14
43

<17

.20

« 22

«33

.82

83
76
«35

2.17
1,93
.76

1‘7‘
1.43
.89

2,15
1.58
.%

8,40
1,70

loss

18.01

17.74

38.85

14,08
lg.88
19,95

17.73
16.02
17 .42

14.66
i8.21

1.34 19.93

- OA—VM—M’M/

Total Organiec
matter

20.46
160,04
99,92

99,30
89.71
100,07

88,36
100,10
95,87

99.54
98,30
86.75

7.18
3.85
83,338

3.18
1.39
3.91

3.85

HgOm

4,68
6.08
7.06

4.48
7.30
€,.30

4.3
7.25
6,08

€.83
9.44
6.18

Ha O

€.17

8.00

8,57

7.43
B6.29
9.73

8.51

r

$105/Rg0s

3.53
2,96
3.63

3.12
&.88
2.99

3.23
2.85
3.97

2.80
2.55
a¢w

Optical date X=ray data

Aggregates: p®1.577 Qs, I, (B?)
Y-a=,035 v
Aggregatea: y=l1,583 Qw, B
y-0=,030;(-);2Vemall
Ageregates: y=1,579 B
7-::.030;(-}?3?:5&11
- Aggregates: p=1,.578 Qs, I, (B?)
1 ?m.m
Aggregates: y=1,583 {Q?), B

Y-a=,030; (=) ;8Vsmall
gregates: n=l,.578 to B
580; mostly y=1.578

Y-a=,030; (=) ;8Vamall

Aggregates: p=1,580 Gs, I, (B?)
y-am=,025

Agiregates: 1v=1,584 Qw, B
1;::.038;(-);3?::;11

A% egates: nel, 582 to B
';5533 mostly y=1.582

y=az,020; (=) ;28Vamall

Aggregates:p=-1.60 as, I, (B7)

Y-a=,028 i 616 )

Aggregatgs' =t Quw, B
=,030; (-] 38V ’

Agé%ega%eég 7=%.g8211

Y-0=,034;(-);8Vsmall B

Percent
of total
77.9
8.2
3,3
10.6

68.4
13,0
8.8
9.8

83
7.1
4.9
5.0

93
3.5

3.5
1.0

Mineral Composition

Quartz 75%; amorphous silica 19%3 feldspar
!e-i,e minerals 5%; white mica 5%; linanzgtsaﬁ

Illste, quartz, beldellite

Beldellite, quartz

Beldellite

Quartz 80%; amorphous silica tr,.; feldspars 10%;
Fe-tlggs 5%; white mica 5%; limonite tr,

Illite, quartz, beldellite

Beldelllte

Beidellite

Quartz 65%; feldspars 15%; Fe-iags 10%4; white mica
B%; carbonates 5%; limonite ::F ’

Illite, quartz, beidellits

Beidellite, quartz

Beldellite

Quartz 50%; feldspars 15%; Fe-Mags 10%4; white

mica 10%; corbonetes 15%; limonite tr,
Illite, quartz, beldellite, limonite

- Beldellite, quart:z

Beldellite



Horizon

IIb

I1la

Ille

A=ray analyses were made by Prof, P, F, Kerr of Columbia University

Fraction 810,

e = O W e = o ¢ @© = a 9

- O »

8

48,78
26,00

50.78
49,59
44,82

62.87
47.08
48,14

51.63
46,85
46,88

" Analytical data

280,13
81,33
11,56

832,384
83.54
21,66

20,94
21,79
20,41

21,61
22,38
22,50

* Not completely fractionsted

5,78
9,77
6.17

8.63
9.70
8.69

10,67
11.43
10,31

11,08
12,07
10,51

1,18
1,34
<95

1.58
1.83
1.49

1.8

1.88
1.67

1.63

1.87
1,63

36
.29
«39

.09
.08
«13

.08
08
«10

TABLE V

for samples from “tage 3 profils

KgQ Ign.

loss

8,39 14,77
1.31 17.45

.29 53,84

1.26 14.54
1.13 14.86
.59 30.“

1.58 11.77
1,14 13,37
.71 17.85

1.75 11.16

1,30 14,78
.73 16.”

Total Organic

08,84
99.08
99.06

99.37
95.93
98,37

99,07
96,73
29,21

28,91
96,30
98.34

matter

4,78
3.98
39,62

1.47
1.59
4,46

.88
.W
3.81

.58

1,63

HaOw ligO+ 5105/Ra04

2.98

4,33

6.17

4,13
d.64
5,38

£.85
3.41

5,85

2.47
4,89
4.44

7.01
9.80
8.08

€.94
9.63
11,43

8,04
8.08
2,19

8.11

10,02

3.79
2,88
3,87

3.15
2,89
a.88

3.11
8.98
3.08

3,07
2,63
3.69

‘Optieal dats X-pay data

Aggregatest 21,583
Yelm,
Ageregntes’ 587
yeaz,038;(=);2Vensll
Agpregates: y=1,587
y-um, 030

Aggregates 1,583
7-«3.93@;2- ;38Vemall
Aggregetest vsl.586
yous,038;(-) j2Vemall
Aggrasatan: n=l,510 to
.5&56 mostly y=1,568
yous,08V; («); 2Vamall

Agaregatest p=l1,.582
a;;;”'gz‘ 1.590
Eregatest yal.
y-0e,030;(<);2Vemall
A{g::gato.t n=1,510 te,
. & mostly y=1.580

y-02,080;(-) ;5Vamall

Ageregatest P=1,5038
y-az,034
Ageregatest el 593
yaz,033;(~) ;8Vemall
Agureg-tes: nsl, 545 to
yeus,030;(-) ;2Venall

Gm, I, (B?7)
B
B

Gw, I, (B?)
B

Qm, X, (B?7)
(Gve?), B
B

Peﬁdc&t of
~iotel ,
Guartz 755; emorphous silics 10%; feldepars 6§
84.6 Fn-l,g minersls B%; white mics é‘.; limonite tr,
9.3 Illite, quartsz, beldellite
1.5 - Beidellite, limonite
4.6 Beldellilite
81.8 Quarts 768; asmorphous silies 54; feldspars B¢
Fe- minerals 5%; white mics 5%; limonite Sg.
28,8 * Illite, beldellite, gquart:
4.8 Beldellite
5.0 Beldellite
77.8 Guartz 70%; amorphous siliea tr,.jfeldspars lﬂﬁg
Fe-btqg minerals 54+; white mica 5§; limonite 5%.
. 15,8 * Illite, quartz, beldellite
3.6 Beldellite
3.7 Beidellite
84,68 Quartz 659 amorphous silica tr,; feldspars 15§
Fe-fgg minerale 10%; white mica 5§*; limonite .
11.5 Iliite, quartz, beldellite ,
1.8 Beldellite
2.1 Beidelllite



Horizon Fraction

»In‘

1

Iia

e W o =

o 'ﬁ é: =

o = o m

910,

56,77
47,28
25.45

61.48
48.43
44,93

51.82
48,97
47,31

Chemical daty

53.30. ’9‘0‘
19.70 5.56
28,29 8,32
14,39 4.35
23,41 8.59
24.15 9.40
21,16 9.91
33,00 8.96
23.74 9.40
21,70 9.81

TABLE VI
Analytical data for samples from Stage 8 profile

: x-ray
Mg0 Ca0 K0 Ign. Total Orgsnic HeO- HaO¢ $10,/Rgy Optical dets .«w.a..
loss matter
Bl .04 1.74 14,47 99.00 4.82 3.60 7,05 4,33  ‘SEresstesi pal.S73 “" & i
: ‘ Asgragxtus: 1.585 s B
1‘.0‘ .% 1.33 13.“ m.” 3.“ 3&“ "w“ct - ”;5 1 8
| egotesivs
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The decreagse in aluminum in horizon I was converted to percentage
superfine colloid, and this value was added to horizon I. The re-
cest secondary silica values are estimations rather than calculations,

Constitution of the parent loess. = This is shown in the anslyses

of horizon IV of Table IV and represented by the lowermost portions

of Figures 3 and 4, Fgldspars of all kinds are present, and they show
very small amounts of alteration, The ferro-megnesian group is com=
posed of chloritic material, and amphiboles and pyroxenes showing
eppreciable chloritic alteration, The white mica is a mixture of

muscovite and 1llite, Beidelllite and 1l11ite with traces of quartz

The presence of beidellite in Illinois soils was first detérmined
by V. T. Allen, Am, Soil Survey Bulletin XI, p, 116 (1930),

and limonite compose the colloid frections,

Changes that take place in the weathering of loess, - A compari-

son of the constitution of the parent loess with that of the upper-
| most horizons indicate the changes that are taking place in weather-
ing. Carbonates are leached, The beidellite type of clay mineral
forms from the white micas, ferro-magnesian minersls, and the feldspars,
This is shown in the analytical data by the relative lincrease of
beidellite and decrease of the white mlicas, ferro-magnesian minerals,
and feldspar from the unweathered to weathered material, The analytical
data for the identification of beidellite are given in Tables IV to VI,

Beidellite occurs in very small sized particles making up

practically all of the Fine and Superfine Colloid Fractions and a

considerable part of the Coarse Colloid Fraction, The upper part of
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the weathering profile in which the beidelllite develops therefore
becomes increasingly more clayey.

The primesry minerals show about the following susceptibility
to alteration to beldellite in decreasing order: white micea, ferro-
magnesian minerals, feldspar. Of the feldspars, the most calcic
plagioclases disappear first, Most of the ferro-magneslian minerals
show some chloritic alteration, and 1t cannot be determined how
much of thié alteration took place before 1tg accunmulation in the
1oesé, and, consequently, whether or not chloritic material forms a
transition stage in the alteration of these minerals to beidellite,

Much of the iron of the original minerals 1s retained in the
secondary beidellite., In this clay mineral iron and aluminum are
isomorphously replaceable and the analysis of beidellite given in
Tables IV to VI, show the presence of large amounts of FezOs;, As
the iron content of beidellite increases toward the iron end member,
nontronite, its indices of refraction also increasse, It is note=-
worthy that the beldellite of the loess has sufficient iron so that
its indlices of refrzction have been raised into the range of the
micas, On the basls of optical values alone, therefore, it is
commonly impossible to differentiate the beidellite and mica cdn-
stituents in the colloild fractions of the loess, Some of the iron
is liberated, oxidized, and hydrated, It occurs as a pigment in
the lower part of the profile and in concretionary pellets throughout
the profile,



Much controversy has existed concerning the ectual mode of

Robinson, G, W,, Soils, their origin

, constitution, and classi-
fication: T, Murby & Co.,, London (19365.

formation of secondary hydrous silicates during weathering, One
school has held that the primary minerals beeak down into their
constituent oxldes, and that these oxides in a hydrous state re-
combine into the secondary minerals, The other school considers
that hydrolysis and direct change occur from one mineral to the
other,

The former schocl 1is represented in the field of soils by
those who believe that solution of FegOsz, Alz0; and S$i0Oz occurs in
the surface horizons (and is]followed by downward movement and re-
combination as silicates in horizon II which is the zone of clay
accumulation, Bray has shown, however, that as far as Illinois soils
are concerned, the evidence does not support this conclusion, Claypan
formation in these soils 1s due to the mechanical movement of the

very fine colloids, Furthermore, Bray by chemical studies supported

Bray, R, H,, A chemical study of soil development in the Peorian
loess region of Illinois: Amer., Soil Sur, Assn, Bull, 15, 58-65,
1934,

Bray, R, H,, The origin of horizons in claypan soils: Amer. Soil
Sur, Assn, Bull, 16, 70-75 (1935),

in part by petrographic and X-ray studies by Grim and Kerr respectively
has shown that the chemical alteration of mica tc beidellite-type
colloids is unaccompanied by the formation of any intermediate

products, The data show successive stages in the alteration of
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Bray, R. H,, The significance of the weatheringloss of K and Mg in
soll colloids extracted from Illinois soils, In press, Trans, of
the 801l Science Society of America, Vol. I. (In Soil Science, 1938),
Bray, R, H., Chemical and physical changes in soil colloids with
advancing development in Illinois soils: Soil Science, 43, pp. 1-14,
1937,

mica to beldellite accompanied only by the loss of proportionate .
amounts of K and Mg and a corresponding proportionaté increase in
base-exchange capacity and water content,

Beldellite forms from the primary minerals in the presence of
the carbonate, If ghould not be considered that leaching and.
beidellite formation are mgtually exclusive, i.,e,, carbonates are
leached before the alteration to beidellite begins, Leaching 1s more
rapid, but both prosesses go on together, Evidence for this 1is
shown by Stage 1 (Figure 1) in which the parent minerals weathering to
form beidellite decrease in relative abundance from the lower part
to the upper part of the carbonate portion of the profile, Further
there 1s some evidence to indicate that beidellite formetion proceeds
most rapidly in the presenée'of calcite or a general neutral to

alkaline éenvironment, Studies of any compaiible profiles in varying

stages o? leachingyand horizon development show about the same

percentage of beldellite in the uppermost 80 inches, The more leached
/€, S

and developed profile§4conta1n only slightly more clay than the

practically neutral (although carbonate free) more youthful profiles,
The larger part of the beldellite was apparently formed before any
acid weathering occurred, The indication is that beildellite forma-
tion proceeds most readily and repidly in the presence of slightly

ey
alkaline to sHghtiy—eetd conditions,
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Many of the primary minerels sre more siliceous than the
beidellite, and as a consequence free silica is liberated in the
alteration processes, In the presence of carbonates, this secondary
gilica i1s removed in solution by downward seeping waters, In the
absence of carbonates, the silica remains behind and may be seen
under the microscope as discrete particles of opaline material,

The downward movement and asccumulation of beidellite., = One of

the outstanding happenings in the weathering of the loess is the
downward movement of the beidellite from the surface horizons and
its accumuletion at slight distances beneath the surface. AS
illustrated by a comparison of Figures 2 and 4, progressive weather-
ing increases the distance beneath the surface of the zone of accumu-
lation, and the sharpness with which 1t is separated from the surface
horizons, In Stage 5 (Fig. 3) the uppermost horizon has very little
remaining beidellite, and the zone of accumulation is encountered
abruptly. The lower 1limit of the zone of accumulation is not sharp.
Downward movement of the beidellite starts with the development
of the mineral in the uppé@ost horizons, In the earliest stage of
weathering studied, Fig, 1, appreciable movement has already taken
place, It has been shown that the beldellite is moved downward
in colloidal suspension and not in solution, The causes of the
accumulation in the shallow subsurface zone of beidellite from the
uppermost horizons and the beidellite found in the zone itself has

been discussed by Bray,

Bray, R, H,, The origin of horizons in claypan soils: Bull, Am,
Soil Survey Assoc,., 18, pp. 70-75 (1935),
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Since the beidellite content of the weathering profile is
essentially the clay content, the downward movement of beidellite
causes the uppermost horizons to become loose, silty, and easily
transported by the wind, Likewise, the zone of accumulation becomes
very clayey, dense, compact, and impervious. It is commonly spoken
of 1n soil science as a clay pan horizon.

Characteristics of the well weathered loess section, = In addi-

tion to the sharp accumulation of beidellite, Fig, 4 illustrates
also the other changes taking place as weathering progresses, The
white micas, ferro—magnesian minerals, and feldspars are disappear-
ing from the upper part of the profile in about fthat order, Amorphous
silica produced by the alteration of some of the primary minerals 15
accumulating in the uppermost horizons, As a consequence of the
removal of the secondary aluminous mineral (beidellite) and the
remaining of the silica, the uppermost horizons becomeﬂ increasingly
richer in SiOz., In horizons Ib and c, the content of Si0O; of the
whole material reaches over 80 ﬁer cent, Such materiazl has a gray
ashy appearance,

Increased weathering tends to decrease the amount of alkaliles
and alkaline earths in the profile as shown by the values for the
whole soll material which are not included in the tables, Beildellite
possesses high base exchange capacity. It can, therefore, retain
temporarily as exchangeable bases the alkalies and alkaline earths
orlginally possessed by the primary minersls, The alksaslies and
alkaline earths are used by plants, and are eventually removed in

solution by ground water., As these ions are removed, they are
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replaced by hydrogen as the exchangeable ion, and the material
becomes acidic,

The decrease in potassium content is due mainly to the altera-
tion of the mica to beidellite which is not a potassium mineral,
The loss of potash due to the weathering of potash feldspars is slow
because of the weathering resistance of the potash feldspars., The
magnesium and calcium in the carbonate-free soll are reduced at
verying rates by weathéring. In horizons I and II of the less weathered
soils over 50 per cent of the calcium present may be exchangeable.

A much smaller proportion of the total magnesium l1s exchangeable,

Catherwood, M., P,, and DeTurk, E, E,, The relation of soil type
to the exchangeable calcium and megnesium in some Illinois soils:
J, Am. Soc. Agron. 30, pp. 657-678 (1928),

In the more advanced stages of weathering Bray and DeTurk have
shown that the replaceable magnesium can actually exceed the re-

placeable calcium in terms of milliequivalents per 100 grams,

Bray, R. H,, and DeTurk, E, E,, Chemical aspects of some Illinois
solls as related to their genesis and morphology: Int. Cong. Soil.
Sei., 5, pp. 118-131 (1933),

This has apparently resulted from the fact that the calcium minerals
are less stable and yield no stable secondary forms while the
magnesium minerals are more resistant and in addition magnesium may

be retained as an essential non-replaceable base in the beidellite.

Bray,,  Re Hdl, (Ibildy




The source of supply of replaceable magnesium during later stages
of weathering is therefore greater than the calcium,

Alteration of beidellite, - Long continued weathering tends

to cause the breakdown of the beidellite into its constituent oxides,
The iron and alumina so released together with iron yielded in the
disintegration of the primary minerals tend to aggregate in small
rounded pellets., These pellets are concentrated at thé top of
the horizon of beidellite concentration, The silica so produced is
mainly amorphous and is concentrated above the zone of beidellite
concentration or occurs as a thin white coating of fractures and
openings in the beidellite horizon, Some of the secondary sillica
is not amorphous and occurs as marginal additions to quartz-grains
in crystallographic continuity with them,

Bagsed on calculations involving the disappearance of the
potassium and magnesium during weathering and the appearance of

increased base-exchange capacity, Bray has suggested that there

Bray, R, H,, Ijem., 1937.

are two slightly varying types of beidellite materials and that
these types are successively passed through in its break down to

constituent oxides,.
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Wéathering of loess under conditions of good subsurface
drainage

The following discussion 1s based on the study of the analyticzal
data of a well drained profile as presented in TablesYIL and Vi ,
and also on some unpublished work of DeTurk and Bray.

Under conditions of good subsurface drainage the same general
weathering effects ere produced as under conditions of poor sub-
gsurface drainage.‘ Under the former conditions, however, less of
the secondsry fine colloidal material (beidellite) is present in
the profile, l.e., more is carried away by ground water, Also, the
beidellite tends to be more uniformly distributed throughout the
profile rather than highly concentrated in a clay pan horizon. The
free oxldes and hydroxides of iron do ﬂot have as much tendency to
occur 1ﬁ aggregate, They are fairly uniformly distributed throughout
the profile and more intimately associated with the colloidal maferial.
It is noteworthy that the iron hydroxides tend to be concentrated

in the Fine Colloid Fraction (.,1-.06 microns). The effect of this

Grim, R, E,, and Bray, R, H., The constitution of various ceramic
clays: J. Am, Cer. Soc, 19, pp. 307-315 (1936!

association of the iron hydroxide and colloid material is to render
the whole weathered material relatively less plastic, to lower the
base-excheange capacity, and to lncrease the particle size within the
colloid size range, As a result the whole material 1s relatively
more resistant to erosion end has a reddish color,

Another feature connected with the well drained conditions

which will b%brought out in a later paper by DeTurk and Bray is



TABLE VII
Description of profile developed under conditions of good subsurface drainage
Type: Number 14, Ava silt loam; immature phase®(U, 8. Bﬁreau - Memphis).
>L00ation: T 6 N, R1E, Section 16, 8W, 1/4 Nu, 40, Fayette County.

Topography: Rolling,
Sampled byt E, A, Norton and R, H. Bray. 10-13-38,

Tolloids  Organic

Number Horizon Depth Desoription Percent carbon
: 1 micron

13051 b O=g ® Yellowish brown, very friable silt loam 6.4 2.43

13053 Ib 4-11" Laminated, reddish yellow friable silt loam 9.3 . <97

13053 Transition 11-15" 13.3 .56

130564 I1la 15-30% Slightly compact, non-plaatic 16.4 37

g#ilt loam, Particles 1/4 to 1/3 inch, coated
reddish-yellow, bright yellow when rubbed :
130865 Iib 30~34 = Similar to Ils 87.5 .35

13086 Iie 34-43 Particle structure becoming indefinite, Very frisble 4.9 .18
13057 Transition 42-55 Structureless, friable silt loam on westhered drift 20,5 .14

® Less mature than the majority of upland soils in Fayette County due to locsl influence of
nearness to river,



Horizon Freotion 9510,
R
¢ 80,76
Ia
¥ -48.54
8 19,04
R .
¢ 49.87
IIb :
F 45,686
8 435,30
R
e 47.39
Transition
%o F 45,89
ti1l
) 40,70

X-ray snaslyses were made by Prof, P, F, Kerr of Columbias University

Chemlcal data
AlaQs Fealy
31,18 8.73
19,68 11,90
12,07 5.33
21.97 9,98
280,83 11,43
21.68 9.80
23,22 11.31
17.10 13,14
21,20 9.36

TABLE VII]

Analytioal data for samples from profile developed
under conditions of good subsurface drainage

Total Organic HyOw

g0

1.43
1.58
64

1.88

1.68

1.39

1.87
low
1.30

Cal Kg©0 Ign.

.12
«18
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«00
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.09
.13
® 38

lose
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1.29 18,99
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1.74 17.89
.56 22,47

1.84 15.07
1"3 16.?1
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99.61
103,10
99,08

99.29
98.73
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99,69
95.78
99.56

matter

.08
3.67
40,07

.78
.78
3,31

.82
1.39
8.57

3.93
5,48
6.74

5 . 5‘
8,32

8.03

6,48
6.68
€.11

HgO®

€.34
0.86
13.98

7.39
8,7
11.13

7.7
8.70
10,87
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that under these conditions the chemical alteration or decomposition
of the primary and secondary silicates 1s less rapid than under
conditions of poor drainage., This is especially true for the potash
minerals, It has already been indicated that beidellite forms most
rapldly in a neutral or alkaline environment., Under conditions of
good drainage the calcite is rapidly leached and the bases produced
by disintegration are removed more rapidly than in the case of the
poorly drained profile., As a consequence an acid environment 1s
produced before as much silicate disintegration has taken place,
and thereafter the rate of such disintegration is reduced. Further
under conditions of good drainage there are longer periods during
which the loess is dry which would retard the rate of chemical
alteration,

It i1s recognized that increased surface erosion under condi-
tions of good drainage by removing colloidal élteration products
would cguse relatively larger proportions of unwesthered matericl

to be in the profile, Considerable study of soil profile data

DeTurk, E. E,, and Bray, R. H., Unpublished data,

has shown that the difference in relative abundance of constituents
in well drained and poorly drained profiles can only in part be

attributed to surface erosion,
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B
Influence of variation of composition and of vegetation
on the weathering of loess
In genersl the composition of the loess in Illinois has not
been found to vary sufficiently to materially influence the weather-
ing effects., The increased content of coarser material near the
sources of the loess has caused profiles development in these areas
with relatively lower contents of colloidal material,
The weathering effects are not changed in any important way
by variations in the character of the surface vegetation. -In the
early stage of weathering colloidal movement is somewhat more rgpid
under timber then under prairie surface growth, In more mature
stages the profiles are very similar in all respects except organic
matter content, Pfairie vegetation permits the accumulation of a
larger amount of organic material in the surface soil. Accoﬁpany—
ing this higher organic matter content 1s a higher content of the A
superfine colloid fraction especlally in the younger soils, As the
superfine colloid decreases in amount with the development of Horizon
I, the organic matter content decreases also, The factors determin-
ing the apparent correlation between the superfine colloid and organic

matter are not fully understood,
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Discussion and summary of the weathering of loess
in Illinois

Of prime importance in the weathering of loess 1s the forma=-
tion of beidellite from the primary aluminous minerals., This
gsecondary silicate exists in particles less than one micron in
diameter so that its development causes the leess to become ﬁore
clayeye. The high base-exchange capacity of beidellite permits the
alkallies and alkaline earths to be temporar;ly retained in the
weathering profile, These bases are replaced gradually by hydrogen
ions and the material gradually changes from basic to acidic,

Leaching of the carbonates and oxidation of the iron take
place contemporaneously with the formation of beidelllte although
at a more rapld rate, Evidence is presented to indicate that
beidellite forms most rapidly in a neutral to alkaline environment.
end—in-the-presenec—of—earberabes, In the breakdown of the original
minerals free silica 1s produced which remeins in place in the weather-
ing profile after the carbonates have been removed,

The beidellite migrates downward from the uppermost horizons,
and when the topography is flat and, as a consequence, subsurface
drainage 1s poor, it asccumulates a short distance beneath the surface
forming a dense impervious zone, The uppermost horizon thereby be-
comes increasingly silty.

Under long continued weathering the beidellite 1s broken
down into its component oxides, Under conditions of poor drainage,
the aluminum and iron so produced, together with some of the iron
liberated in the weathering of primary minerals, aggregste into

small pellets,
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The removal of the beidellite following the disintegration of
the primary silicates from the uppermost horizons increases the
relative abundance of guartz, The total silica content of these
horizons is further increased by the production éf secondé& silica
in the disintepration of some of the primary silicates and also of
the beidellite, Since this silica 1s not removed from the profile
after the carbonate is leached, silica is concentrated in the upper-

Jmost horizons of the loess,

Under conditions of good surface drainage, the beidellite tends
to develop less rapidly and not to be concentrated in a clay pan
horizon., Also, the iron hydroxide is uniformly mixed with the
beidelllite rather than concentrated in pellets., As a result of the
latter charecteristic the whole weathered zone has a reddish color
and somewhat different physical properties from the material
weathered under conditions of poor drainage.

Textural variations of loess in Illinois exert no pronounced
effect on the alteration products. Where the vegetation cover is
the timber type rather than the prairie type, there is a relative
increase in the rate of development of the profile in the initial
stages of weathering,

Ksolinite is not present at any time in the weathering of the
loess, This must be emphasized in view of the reluctance of geolegists
and others to part with the ancient erroneous ides that kaolinite

occurrséein.all clay and in all clayey weathering products,





