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ABSTRACT 

Quantitative estimation of mineral concentrations was made for the clay fractions of 
Omega loamy sand (Brown Podzolicl and Ahmeek loam (Brown Forest) . These soils are rel
atively young and have developed from Pleistocene (late Wisconsin) outwash and till, re
spectively, in northern Wisconsin. A mineral weathering depth function was found, in which 
illite and chlorite present at depth have weathered to vermiculite and montmorillonite near
er the surface, particularly in the clay fractions of Ahmeek loam. In the fine clay, ~he mont
morillonite content increases from 5 percent in the CI horizon to 44 percent in the Al hori
zon. Conversely, chlorite decreases from 11 percent in the CI to virtually none in the Al hor
izon. Weathering in these soils is also reflected by distribution of minerals as a function of 
particle size. The occurrence of mineral-weathering depth and size functions in these young 
soils is attributed to accelerated leaching made possible by the coarse texture of the soils_ 

INTRODUCTION 

The kind of minerals present and their distribution with depth in a soil pro
file often serve as an index of the pedogenic and weathering processes operative 
in soil development. That the various minerals common in soils weather at a 
differential rate has been recognized by many investigators in the field of soil 
mineralogy. Since some minerals weather more easily than others, there tends 
to be an accumulation of minerals of similar stability in anyone soil profile or 
horizon which reflects the intensity of the various agencies of weathering (Jack
son and others, 1948; Jackson and Sherman, 1953), and the survival of specific 
minerals in the finer fractions of soils is often affected by the size of the mineral 
particles (the "size function") and the position of the minerals in the profile 
(the "depth function"). The results of the present investigation illustrate both 
the particle-size function and the depth function of weathering as manifested by 
the mineral species present in the clay fractions of two relatively young, coarse
textured soils. 

MATERIALS 

The Omega loamy sand represents a Brown Podzolic soil developed from 
smooth glacial outwash under pine forest cover. The parent material and solum 
contain a large proportion of basic rock constituents. The Ahmeek loam repre
sents a Brown Forest soil developed under hardwood forest from acidic glacial 

1 Present address, Soil Survey Laboratory, Soil Conservation Service, Beltsville, Maryland. 
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till. The till, however, contains a higher content of basic rock constituents than 
does most of the till of northern Wisconsin. Complete profile descriptions of the 
two soils are given in the U.S.D.A. Soil Survey Laboratory Memorandum no. 1, 
Beltsville, Maryland, 1952. 

The presence of numerous unweathered rocks in the solum, the predominance 
of coarse-grained particles, and the lack of any appreciable evidence of trans
location of clay, iron oxides, or organic matter reflect the youth of these soils 
developed on deposits of late Pleistocene age. 

Although the clay fractions constitute only a small percentage of the total 
mineral portion of the two soils, only the clay was analyzed in the present study 
because it was felt that the changes observed in these fractions would be most 
indicative of the course and extent of chemical weathering in these soils. 

ANALYTICAL METHODS 

The coarse clay (2 to 0.2 microns) medium clay (0.2 to 0.08 micron), and 
fine clay «0.08 micron) fractions of selected horizons were separated after dis
persion treatments as described by Jackson, Whittig, and Pennington (1950). 
Each of the fI-actions was x-rayed by the random powder method after mag
nesium saturation and glycerol solvation by the procedure of White and others 
(outlined by Jeffries and Jackson, 1949). Parallel oriented samples of each 
fraction, as magnesium saturated, glycerol solvated and as potassium saturated, 
heated specimens, were also analyzed with a Geiger-counter diffractometer to 
characterize layer-silicate components present. The qualitative x-ray diffraction 
data have been presented previously (Whittig and Jackson, 1955). Specific
surface measurements were made by the method of Vanden Reuvel and Jackson 
(1953), cation-exchange capacity by the method of Swindale and Fieldes (1952), 
and elemental analysis as described by Corey and Jackson (1953). The general 
allocation procedure involved (a) allocation of sodium and calcium to plagio
clase feldspars: (b) estimation of kaolinite, halloysite, and quartz from x-ray 
diffraction intensities; (c) approximation of orthoclase and illite by evaluation 
from total potassium and x-ray diffraction intensities; (d) estimation of chlorite 
from x-ray diffraction intensities; (e) estimation of vermiculite and montmoril
lonite from specific surface and diffraction data; and (f) calculation of 2:1 
layer-silicate and chlorite formulas by the method described by Marshall (1935) 
to check the estimations of other minerals. 

RESULTS 

The quantitative data obtained from the Omega and Ahmeek fractions 
(Tables 1 and 2) include the percentage of each clay fraction and the amount of 
free iron oxide extracted from the soil material less than 0.40 mm diameter. In 
general, the amount of clay increases with proximity to the soil surface, indicat
ing a breakdown of primary minerals into finer particles under the influence 
of increased weathering intensity near the surface. 

The relative proportions of vermiculite and montmorillonite (identified by 
x-ray analysis; Whittig and Jackson, 1955) in the clay fractions of the Omega 
soil are shown by the mutually corroborative specific-surface and cation-ex
change capacity data. The amount of glycerol sorbed by expanded layer silicates 
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increases with decreasing particle size within each horizon and also increases 
with depth in the profile. The cation-exchange capacity also increases with de
creasing particle size. The exchange capacity of the 2 to 0.2 micron fraction of 
the As horizon, for example, was found to be 38.4 meq per 100 g while the less 
than 0.08 micron fraction exhibited an exchange capacity of 107.7 meq per 
100 g. 

A significant trend may be observed in the exchange capacity of the various 
fractions within each horizon. In the A3 horizon, the highest exchange capacity 
was found in the 0.2 to 0.08 micron and less than 0.08 micron fractions (72.2 
and 107.7 meq per 100 g, respectively) while the lowest was obtained from the 
2 to 0.2-micron fraction (38.4 meq per 100 g). Similar trends were obtained 
in the B22, C21, and C23 horizons. 

In view of the fact that the exchange capacity of vermiculite is normally much 
higher than that of montmorillonite (about 150 meq per 100 g as compared with 
about 90 meq per 100 g) and that montmorillonite is capable of adsorbing twice 
as much interlayer glycerol as vermiculite, it appears that vermiculite predom
inates over montmorillonite in the As-horizon fractions. The fractions sorbed 
relatively small amounts of glycerol but exhibited relatively high exchange ca
pacities. The data indicate that the proportion of montmorillonite is relatively 
low in the A3 horizon. 

In the B22-horizon fractions, there was again a direct relation between 
amounts of glycerol sorbed and cation-exchange capacities. The 2 to 0.2-micron 
fraction, with the lower exchange capacity (34.0 meq per 100 g) sorbed the 
lesser amount of glycerol (3.33 mg per 50 mg of sample) while the less than 
0.08-micron fraction exhibited an exchange capacity of 83.1 meq per 100 g and 
sorbed 10.26 mg of glycerol per 50 mg of sample. Similar trends were observed 
in the C 21 and C 23 horizon fractions. 

An inverse relation between exchange capacity and glycerol sorbed is strik
ingly illustrated by the less than 0.08-micron fractions of the As and C23 hori
zons. In the former, the less than 0.08-micron fraction sorbed 11.14 mg of gly
cerol per 50 mg of sample and had an exchange capacity of 107.7 meq per 100 g. 
The less than 0.08-micron fraction of the CZ3 horizon, on the other hand, with 
an exchange capacity of only 78.7 meq per 100 g sorbed 16.84 mg of glycerol. 
This indicates that the proportion of vermiculite to montmorillonite is higher 
in the A3-horizon fraction. The higher proportion of montmorillonite at greater 
depth, where weathering intensity is presumably less, suggests that there has 
been some translocation of fine montmorillonite particles in this sandy soil. 

The amount of glycerol sorbed by expanded layer silicates was generally 
lower in each fraction of the Ahmeek (Table 2) than in the Omega horizons, 
indicating a lower concentration of these expanded minerals. Similarly, the 
exchange capacities of the Ahmeek fractions were lower in general than ex
hibited by the Omega fractions. 

The amount of glycerol sorbed increased with fineness of particle size in the 
Ai horizon of the Ahmeek profile. There was a linear relationship between 
glycerol sorbed and exchange capacity in this horizon. In the Bzz, C1 , and Cz 
horizons, there was also a general increase in glycerol sorption with decreasing 
particle size except that the 0.2 to 0.08-micron fractions from each horizon 
sorbed the most glycerol. The exchange capacities of the fractions from these 
horizons increased progressively with decrease in particle size, however, with 
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the highest exchange capacities shown by the less than O.OB-micron fractions. 
The surface data suggest that there is a higher proportion of vermiculite to 
montmorillonite in the fine-clay fraction than in the medium-clay fraction since 
the exchange capacity increases while glycerol sorption decreases. The data 
also indicate that the ratio of vermiculite to montmorillonite is highest in the 
lower horizons whereas the amount of montmorillonite increases with proximity 
to the surface. The increase in montmorillonite near the surface is interpreted 
as a result of alteration of vermiculite to montmorillonite. 

Elemental analysis of the Omega fractions (Table 1) reveals several signifi
cant trends which may be interpreted in terms of the mineral composition of 
the fractions. The Si02 content decreases with depth in the profile as well as 
with fineness of particle size within anyone horizon. Conversely, the Al20 3 

content increases with fineness of particle size. These trends are interpreted to 
indicate a decrease in quartz and increase in layer silicates with depth and with 
decrease in size. The Fe20 a content generally follows the trends shown by A120 3 , 

being low near the surface and in the coarser fractions. MgO shows significant 
trends only in the C 21 and C 23 horizons. In these horizons, it is considerably 
higher in the coarse clay fraction. This is probably due to a higher content of 
chlorite. K 2 0 and Na2 0 contents are relatively high in the 2 to 0.2-micron frac
tions of the Aa, B22 , and C21 horizons. This is commensurate with the relatively 
high feldspar content as revealed by x-ray analysis. 

Water content of the fractions, as revealed by heating weight loss analysis, 
increased markedly with decreasing particle size. This reflects the higher con
centration of hydroxyl-containing layer silicates relative to quartz and feldspar 
in the finer fractions. 

The Si02 content of the several fractions decreases with depth and with fine
ness of particles whereas Al20 a increases with depth and with fineness of parti
cles in the Ahmeek profile (Table 2). These trends indicate increasing propor
tions of layer-silicate minerals relative to quartz and feldspars with depth and 
fineness of particle size. The CaO, K20, and Na20 contents are highest in the 
2 to O.2-micron fractions, which reflects a higher concentration of feldspars. 
Again, as in the Omega profile, there appears to have been some translocation 
of layer silicates from the upper horizons. The higher content of H20 at depth 
corroborates the existence of a higher percentage of layer silicates in the lower 
horizons. 

The mineral content of the Omega fractions (Table 3) shows that the concen
tration of montmorillonite generally increases with decrease in particle size and 
with depth in the profile. Vermiculite has its highest concentration in the less 
than O.OS-micron fraction of the B22 horizon (71 percent). Vermiculite in
creases with a decrease in size in the As and B22 horizons. In the C21 and C23 

horizons, however, the largest quantity of vermiculite is in the 0.2 to O.OB-micron 
and less than O.OB-micron fractions. Chlorite, most abundant in the 2 to 0.2-
micron fractions, is fairly constant with depth in the profile, but decreases with 
decreasing particle size. Feldspars, present in the 2 to 0.2-micron fractions, were 
not detected in fractions finer than 0.2 micron. Quartz persists into the 0.2 to 
O.OB-micron fractions. Illite increases in the medium clay (less dilution with 
quartz) and decreases in the fine clay. 

Mineral data for the Ahmeek fractions (Table 4) show that montmorillonite 
increases with decrease in particle size and with proximity to the surface. Ver-

https://doi.org/10.1346/CCMN.1955.0040140 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1955.0040140


~
 

0
\ 

0
0

 

.....
 

~
 

TA
B

LE
 

3.
 -

M
IN

ER
A

L 
C

O
M

PO
SI

T
IO

N
 O

F 
TH

E 
C

LA
Y

 F
R

A
C

TI
O

N
S 

O
F 

TH
E 

O
M

EG
A

 L
O

A
M

Y
 S

A
N

D
. 

0 M
 
~
 

M
 

P
er

ce
n

t 
M

in
er

al
sl

 
p

re
se

n
t 

ex
p

re
ss

ed
 

as
 p

er
ce

n
t 

(J
l 

H
or

iz
on

 
D

ep
th

 
F

ra
ct

io
n

, 
of

 s
o

il
 

0 
m

ic
ro

n
s 

<2
 m

m
 

A
b 

A
u

or
 

O
r 

Q
r 

II
 

C
hi

 
V

m
 

M
t 

K
I 

!,
j 

A
s 

2 
to

 4
 i

n
. 

8 
1 

10
 

:El
 

2-
0.

2 
1.

17
 

26
 

5 
25

 
13

 
8 

5 
M

 
:>

 
0.

2-
0.

08
 

0.
74

 
0 

0 
0 

15
 

14
 

5 
27

 
28

 
10

 
>-3

 

<
0

.0
8

 
0.

B
8 

0 
0 

0 
0 

11
 

0 
48

 
41

 
0 

II:
 

M
 
~
 

B
2

2
 

11
 t

o 
20

 in
. 

2·
0.

2 
1.

21
 

6 
1 

8 
26

 
5 

20
 

22
 

5 
5 

:z 
0.

2-
0.

0B
 

0.
99

 
0 

0 
0 

10
 

8 
10

 
26

 
38

 
5 

!;
) 

<
0

.0
8

 
0.

41
 

0 
0 

0 
0 

5 
0 

71
 

24
 

0 
:z 

C
21

 
26

 t
o 

35
 i

n.
 

2·
0.

2 
0.

19
 

7 
1 

10
 

19
 

5 
15

 
24

 
10

 
10

 
0 i::::

 
0.

2-
0.

08
 

0.
38

 
0 

0 
0 

10
 

9 
5 

35
 

36
 

5 
M

 
!;

) 

<
0

.0
8

 
0.

07
 

0 
0 

0 
0 

6 
0 

23
 

71
 

0 
:>

 
:>

 
C

2
3

 
40

 t
o 

49
 i

n.
 

2-
0.

2 
0.

06
 

9 
1 

9 
9 

5 
10

 
40

 
1

0
 

5 
~
 

0 
0.

2·
0.

08
 

0.
07

 
0 

0 
0 

5 
10

 
5 

56
 

27
 

0 
>-

<
0

.0
8

 
0.

02
 

0 
0 

0 
0 

9 
0 

0 
93

 
0 

II:
 

i::::
 

1 
A

b
 =

 a
lb

it
e;

 
A

n
o

r 
=

 a
n

o
rt

h
it

e;
 

O
r 

=
 

o
rt

h
o

cl
as

e;
 

Q
r=

 q
u

ar
tz

; 
II

 =
 i

ll
it

e;
 

C
hI

 =
 ch

lo
ri

te
; 

V
m

 =
 

v
er

m
ic

u
li

te
; 

M
t 
=

 mo
n

tm
o

ri
ll

o
n

it
e;

 
M

 
M

 
K

I 
=

 ka
o

li
n

it
e 

an
d

 h
al

lo
y

si
te

. 
?-1

 
C

fl
 

0 t=: (J
l 

https://doi.org/10.1346/CCMN.1955.0040140 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1955.0040140


TA
BL

E 
4.

 -
M

IN
ER

A
L 

C
O

M
PO

SI
TI

O
N

 O
F 

TH
E 

CL
A

Y
 F

RA
CT

IO
N

S 
O

F 
TH

E 
A

H
M

EE
K

 L
O

A
M

. 

P
er

ce
n

t 
M

in
er

al
s!

 p
re

se
n

t 
ex

p
re

ss
ed

 
as

 
p

er
ce

n
t 

H
or

iz
on

 
D

ep
th

 
F

ra
ct

io
n

, 
of

 s
oi

l 
m

ic
ro

n
s 

.<2
 m

m
 

A
b

 
A

n
or

 
O

r 
Q

r 
II

 
Ch

I 
V

m
 

M
t 

KI
 

r-"
 

A
l 

o t
o 

2.
5 

in
. 

2-
0.

2 
4.

36
 

8 
I 

10
 

35
 

10
 

10
 

13
 

13
 

0 
~
 

0.
2·

0.
08

 
1.

41
 

0 
0 

0 
15

 
20

 
3 

20
 

33
 

10
 

~
 

<
0

.0
8

 
1.

10
 

0 
0 

0 
5 

17
 

0 
41

 
44

 
0 

::r: ::; 
B

2
2

 
7 

to
 1

9 
in

. 
2·

0.
2 

4.
12

 
8 

4 
5 

25
 

17
 

11
 

32
 

5 
0 

j 
0.

2-
0.

08
 

1.
18

 
0 

0 
0 

5 
15

 
11

 
47

 
15

 
10

 
~
 

<
0

.0
8

 
1.

33
 

0 
0 

0 
0 

12
 

0 
46

 
46

 
0 

>- z t)
 

C
l 

30
 to

 4
2 

in
. 

2·
0.

2 
2.

09
 

10
 

5 
6 

16
 

20
 

20
 

24
 

5 
0 

~
 

0.
2-

0.
08

 
0.

16
 

0 
0 

0 
2 

17
 

5 
62

 
10

 
5 

<
0

.0
8

 
0.

32
 

0 
0 

0 
0 

14
 

11
 

73
 

5 
5 

r-"
 

'-
<

 
C2

 
42

 t
o 

48
 i

n.
 

2-
0.

2 
2.

75
 

9 
7 

5 
20

 
20

 
17

 
6 

16
 

0 
>- ~ 

0.
2-

0.
08

 
0.

28
 

0 
0 

0 
5 

16
 

15
 

54
 

5 
5 

;;::
 

(J
J 

<
0

.0
8

 
0.

22
 

0 
0 

0 
0 

14
 

24
 

58
 

0 
5 

0 Z
 

1 
A

b 
=

 
al

bi
te

; 
A

no
r =

 
an

or
th

it
e;

 
O

r 
=

 o
rt

ho
cl

as
e;

 
Q

r=
q

u
a
rt

z
; 

II
 = 

il
li

te
; 

C
hI

 =
 

ch
lo

ri
te

; 
V

m
 =

 
ve

rm
ic

ul
it

e;
 

M
t =

 m
on

tm
or

il
lo

ni
te

; 
K

l =
 

ka
ol

in
it

e 
an

d 
ha

ll
oy

si
te

. 

C
J.

j $ 

https://doi.org/10.1346/CCMN.1955.0040140 Published online by Cambridge University Press

https://doi.org/10.1346/CCMN.1955.0040140


370 INDEXES OF WEATHERING IN OMEGA AND AHMEEK SOILS 

miculite is in highest concentration in the C 1 horizon and in the medium 
and fine clay. Chlorite increases with depth in the profile. 

Quartz and feldspar follow the same trends in the Ahmeek as in the Omega 
profile; i.e., they decrease with decrease in size of mineral particles. Quartz 
decreases considerably and feldspar increases slightly with depth in the profile. 

A very small amount of halloysite was detected by electron microscope ex· 
amination in the 0.2 to D.D8-micron and less than D.D8-micron fractions of the 
Ahmeek C2 horizon. 

The accumulation of vermiculite and montmorillonite near the surface of 
the Ahmeek profile, as contrasted with their concentration at greater depth in 
the Omega soil, suggests that there has been less translocation of these minerals 
in this finer-textured, loamy soil. That leaching action has not been as extensive 
in the Ahmeek soil is reflected by the wider range in layer.silicate content as a 
function of depth. The x-ray diagrams of the Ahmeek fr~ctions (Whittig and 
Jackson, 1955) showed strong maxima for vermiculite and montmorillonite 
near the surface of the profile with weak manifestation at depth. The vermiculite 
and montmorillonite near the surface are present largely as discrete crystals, 
whereas they are present as members of interstratified series at depth. Inter
stratification of these components was more evident in the surface horizons of 
the Omega profile. 

CONCLUSIONS 

The predominant minerals in the Omega and Ahmeek profiles are represen
tative of intermediate stages of weathering as defined by Jackson and others 
(1948). The high content of chlorite (stages 4 to 8, Jackson and Sherman, 
1953), feldspar (stage 5) , quartz (stage 6), vermiculite (stage 8), and mont
morillonite (stage 9) indicate that the soils have not been weathered intensively. 

The observed variation in cQncentrations of layer silicates illustrates the 
weathering effects of accelerated leaching in relatively young soils. Percolating 
rain waters have had free passage through these sandy profiles and as a result 
the minerals have been subjected to more weathering than in fine-textured soils 
of the same age. In a medium- or fine-textured soil, under the same environ
mental conditions, there would be less leaching and less weathering of layer-sili
cate minerals, owing to a greater water-holding capacity. 
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