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INTRODUCTION

A comprehensive knowledge of the development of a soil is
dependent on an understanding of the changes which the soil minerals
undergo from the timo they are exposed to weathering as part of
the parent rock until they are completely transformed into colloidal
material. Thus far in the quantitative study of the soil profile
attention has heen directed chiefly to the accumulation of clay or
colloidal material at different depths and to changes in the gross
chemical composition of the soil material in the various horizons.
Changes in the individual mineral constituents have received Httle
attention, especially those changes which take place in the deeper
parts of the profile below the layer of clay accumulation.
It is recognized that certain minerals, such as hornblende, may
disappear relatively soon in the soil-forming process and that others,
such as quart?, persist in the upper soil horizons. Up to the present,
however, the comparative rates of disappearance of the minerals have
not been studied in a quantitative manner. Very httle is known in
regard to the formation of secondary minerals from decomposition of
the original minerals of the soil, except what may be inferred from
geologic studies and from studies restricted to the colloidal part of
the soil. Finally, the changes in composition which minerals may
undergo in the soil before they lose their identity have received little
attention.
This investigation is concerned only with the various changes that
take place in the mica group of soil minerals during soil development.
It deals with the changes in chemical composition that muscovite
and biotite undergo before losing their characteristic appearance and
optical properties, with the nature of their alteration products, and
with the rates at which they disappear in different soil profiles.
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REVIEW OF LITERATURE

Views regarding weathering of the micas seem to be founded chiefly
on examinations of decomposing rocks, on studies of the alteration
of mica in deposits or in special formations, such as china clay, and
on the decomposition of mica under laboratory conditions. Comparatively few investigations deal directly with the weathering of
mica in soil. Although it is not to be expected, of course, that the
weathering of mica in the soil is necessarily comparable in nature or
extent to that obtaining under other conditions, one may reasonably
infer that the alterations which take place in mica under either
natural or artificial conditions arc indicative of what may be expected
to take place in the soil.
The general opinion as to the alterability of white mica or muscovite is expressed by Clarke (3) ':
Muscovite, under ordinary conditions, is one of the 1oa.st alterable of minerals.
The feldspar of a granite may be completely kaolinized, while the embedded
plates of mica retain tlicir brilliancy almost unchanged.

Concerning the nature of the alteration, Van Ilisc (16) makes the
following statement:
One of the most frequent alterations [of muscovite] is that of hydration, a
part of the potassium being replaced by hydrogen; or at the same time it may
take up other bases and thus tlie mineral may pass into vermiculite, a somewhat
indefinite compound to which no formula can lie assigned.

Blanck (/), after reviewing the opinions of others and in the light
of his own investigations on muscovite as a source of potash for
plants, comes to the following conclusions:
(1) Muscovite a.s well as biotite releases potash to plant.s, and both are as
well adapted for .supplying potash as potash feldspar. (2) The release of potash
to plants by muscovite is in opposition to the prevailing opinion a« to the capacity
of this mineral to weather, pointing, as it does, to an actual weathering. This
appears to consist in removal of pota,sh but with preservation of the external
physical properties of the mineral.

Finally Lacroix (12) in studies on the latentes of Guinea finds that
the weathering of muscovite under lateritic conditions results in loss
of alkalies, particularly of potash, with a corresponding gain in water,
the end product of weathering having essentially the composition of
kaolinite.
Hickling (10), Galpin (7), and Selle (15) conclude from pétrographie studies on china clays that considerable of the kaolinite
present is derived from the alteration of secondary muscovite, which
they consider to have been derived from the feldspars. China clays,
however, differ widely from soils in their nature and perhaps in their
origin. Consequently, such transformations can not be assumed to
hold for soils except in so far as they are home out by a special investigation of mineral alteration under soil conditions.
Although considerable difference of opinion exists as to the alterability of muscovite, there is general agreement that biotite is readily
altered. To quote Clarke (.3):
Unlike muscovite, biotite and phlogopite alter easily, and pass into a series of
apparently indefinite substances known as " vermiculites." The change, however, is very simple, and consists merely in the replacement of the alkaline metals
by hydrogen, with assumption of additional, loosely combined water. From
the typical fcrromagnesian micas the following derivatives are thus formed:
From AljMgjKHSijO,,
Al,MgjH,Si,0„.3H,0.
From .\IMg)KHjSijO„_
AIMgjHaSiaO.j.SHiO.
1 Italic figures

ID

parenthèses refer to Literature cited, p. 32.
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Zschimmer (18), proceeding on the ground that specific gravity is
an index of degree of weathering, divided a mass of biotite into different fractions according to specific gravity aiid determined the
chemical composition of the fractions. His conclusions may be
summarized in the statement that alteration of biotite consists in an
exchange of constituents whereby KjO, FcoOj, and FeO diminish in
favor of H2O, AUOs, and MgO. The weathering products of biotite
are not, according to Zschimmer, identical with those derived from
the weathering of muscovite.
Glinka (9), studying the biotite of southwest Russia, conciluded
that the end product of the weathering of tliis niica under certain
conditions was a substance resembling kaolinite in composition.
The alteration process consisted in a loss of FcjOa, FeO, MgO, K2O,
and Na20 but a gain in HjO. Coincident with these chemical
changes there was a diminution in specific gravity and a marked
change in color from black to dark gold, to silver, and finally to
white.
From a review of the literature on alteration of mica, one may conclude that muscovite, although not unalterable, is much more
resistant to change than biotite. The chemical nature of the alteration process of both micas is held to be essentially a replacement of
potash by hydrogen. In the case of biotite, not only may potash
be lost but also magnesia and iron, although there is some difference
of opinion between Glinka and Zschimmer as to the loss of magnesia. The former attributes Zschimmer's failure to observe loss
of magnesia to the fact that he investigated only the early stages of
weathering.
With regard to the extent to which muscovite and biotite may
alter under general conditions of weathering and still retain the characteristics which identify them as mica, the Uteraturc is very indefinite. Biotite, to judge from the work of Glinka, may alter but a
shght degree before it passes into a material which is no longer to
be considered mica. The nuiscovite particle, on the other hand,
apparently retains its external structure until it is transformed into
colloidal material and kaohnite (12).
The problem of the comparative rates at which muscovite and
biotite disappear has not been specifically investigated. Nevertheless, the general opinion seems to be that muscovite disappears much
less rapidly than biotite, presumably by reason of its gi-eater resistance to chemical change induced by weathering agencies.
Although few of the studies and observations that have been made
have dealt directly with soil mica, it is probable that the facts established apply in some degree to the decomposition of mica under soil
conditions. However, in view of the variable conditions of decomposition in different soil types and in dift'erent horizons of the same
type, the facts that have been established may not be applicable to
all soils.
PLAN AND METHODS

In order to study the changes in chemical composition that muscovite and biotite undergo in the soil, samples of mica were isolated
from many soil horizons. These samples of practically pure mica were
analyzed, the proportions of muscovite and biotite determined petrographically, and the compositions of the samples compared with those
of fresh muscovite and biotite. The rates at which the two micas
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disappear in the development of several soil profiles were studied by
estimating the quantities of mica present in various horizons.
The method employed for isolating mica from the soil depends on
the slow subsidence in water of mica particles as compared with the
subsidence of similar-sized particles of other minerals. A separation
of the greater part of the total soil mica from the other soil constituents
can thus be made by successive décantations of a soil dispersed in
water. The details of the process follow.
A 300 to 600 gram sample of soil was dispersed in 3 liters of water
by rubbing the soil lightly between the fingers. The suspension,
after a moment's settling in a beaker, was decanted upon a 200-mesh
sieve. On the sieve were retained mica, particles of organic matter,
small colloidal aggregates, and small mineral particles, while the dispersed colloidal material, together with the finest mineral particles,
passed through the sieve and were discarded. The niass of soil in the
beaker was dispersed as before and the suspension decanted, the
process being repeated until the mica was practically removed from
the residue of other minerals.
In order to purify the mica from particles of organic matter and
minerals that were decanted with it, the contents of the sieve were
transferred to a large beaker, water was added, and the floating particles of organic matter were poured off as soon as the mica had
settled. The mica was then removed from the accompanying minerals by successive décantations as before. Mica samples prepared
from soils which contained but few fine mineral particles other than
mica were sufficiently pure at this point; but when the fine particles
were very munerous a further treatment was necessary. In this latter
case the dried sample was transferred to a large porcelain dish, which
was rotated in such a way that the sample passed over the entire inner
surface of the dish. The mica flakes adhered closely to the dish, from
which they were removed with a camel's-hair brush. Successive
rotations ¿f the dish were made with removal of the adhering mica,
until the residue was practically free of mica. Microscopic examination of all the samples showed that mica isolated by this method was
practically free from other minerals.
The samples of mica isolated in this way contained practically nil
the medium and coarse mica particles that were in the soil but imne of
the mica of silt size, since all soil material passing through a 200-mesh
sieve was discarded in the procedure. However, in most cases the
samples comprised the greater part of the total soil mica.
In general the material identified as muscovite showed an optic
axial angle, 2V = 35° to 44°: That identified as biotite showed an
angle 2V = 0° to 24°. A few particles were encountered that had
an angle between 24° and 35°, but the quantity was inappreciable in
any one sample. It is recognized that the measuremcTit of the angles
of particles having very blurred interference figures is subject to
considerable error; but it is believed that errors in measurement were
not sufficiently great to confuse the identification of muscovite and
biotite because of the wide difference in their axial angles.
The microscopic examination of the quantities of muscovite and
biotite present in the samples was made by the usual petro|;raphic
procedure, supplemented by the method for areal counts described in
a previous publication (6). However, the very large surface area of
the mica particle as compared to its volume suggested the possibility
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that the method of areal counts might not be accurate when apphed
to such material. Therefore it seemed advisable to check the method
by comparison with synthetic mixtures of known composition. For
this purpose muscovite and biotite were ground separately in a ball
mill to degrees of fineness corresponding to the sizes of sand and silt
particles. The powdered mica was then made up into four samples
containing muscovite and biotite in various proportions. Sample No.
2 was composed of material which did not pass a 20()-mcsh sieve, and
the other three samples were composed of material that had passed
through the 200-mesh sieve. The results are given in Table 1.
TABLE

1.—Microscopic estimation of muscovite and biotite in artificial mixtures
Muscovite
MLxture No.

1
2
3
4

Estimated

-,-

Per cent
47.5
35.0
27.2
70.4

Biotite

Present

Estima teil

Present

Per cent
50.0
33.3
25.0
75 0

Per cent
52.5
64.4
72.8
29.8

Per cent
50.0
66.7
75.0
25.0

The degree of accuracy attained, it is believed, is sufficient to render
the pétrographie method apphcable to the estimation of mica of sand
and silt sizes.
In all the samples of soil mica that wore isolated there were present
to a greater or less extent particles which had the external appearance
and the refractive index of mica within allowable limits of variation.
Since, however, the chief group characteristic, i. e., the interference
figure, was lacking in these particles, the material could not definitely
be identified as mica. In any given sample of soil mica all gradations
of distinctness in the interference figures were observed. Since all
the interference figures which could be recognized showed axial angles
which approximated those of muscovite and biotite, this fact suggests,
at least, that the material with indeterminate figures is more closely
related optically to the micas than to an}^ other substances. Therefore, in the identification of the minerals in the isolated samples this
material was provisionally classed as mica.
The sodium carbonate fusion method, as described by Hillebrand
{11), for the analysis of silicate rocks was followed in analyzing the
samples. Combined water was estimated by deducting from the loss
on ignition the organic matter, which was determined as CO2 by the
dry-combustit>ii method, using the factor 0.471.
DESCRIPTION OF SOILS

The samples of soil chosen for the isolation of mica represent the
important residual micaceous soils of the general region of the piedmont plateau. These soils have developed under generally similar
climatic conditions, but differences in weathering sufficient to cause
the development of series as diverse as the Cecil of the southern piedmont and the Manor and Chester of the northern piedmont are
represented. However, wide differences in weathering conditions,
such as obtain between arid and humid soils, and many kinds of
parent material are not covered by these samples. It is therefore
possible that the conclusions from this investigation may not apply
to all soils. Data concerning these samples appear in Table 2.
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TABLE
Profile
No.

I

2.—Deteríption of toil samplet

Soil tyiw

Depth

Horizon

Porters loam

Inchet
Oto 4

A...

Parent rock

Description

Location

Gneiss
County, N. 0.

14 to 48... Bi... Reddish-brown friable

c...

48 to 60...
Reddkh-brown friable
clay.
60 to 72... Ci... Gray disintegrated
gneiss.
72 to 96... Ci... Light-gray partly disintegrated rock.
96+
Bedrock ..
3

Cecil clay loam— 8 to 24.... Bi...

Mica schistCounty, Ala.

25 to 59... C,.-. Mght-red friable clay
loam.
60 to 168.. CI... Keddish-yellow, friable,
micaceous, partly decomjKised rock.
169 to 240. Ci... Disintegrated rock

»

Cecil clay loam— 6to40.... B... Red, stiff, brittle clay... Gneiss
40 to 60... Bi... Yellowish-red friable
clay.
60 to 84...
Reddish-yellow partly
decomposed rock.
Oray disintegrated rock.
84+

Rutherford
County, N. O.

c...
c...

4

Cecil clay loam

Oto 5

A... Reddish-brown clay
loam.
510 36... B,... Red, stiff, brittle clay...
72 to 96...
Brownish-rt'd, friable,
[wrt 1 y dtcomposed
rock.
96 to 112..
Gray, soft, disintegrated
riH'k,
112+
Ct.. ßoftrock...

do

Do.

c...
c...

S

Ashe loam

0 to 6

A... Grayish-brown loam

Gneiss

6 to 30.... B... Yellow friable clay
36+
B... Bedrock

a

Louisa sandy clay
loam.

30 to 40... B. .. Red micaceous
loam.

7

Cecil fine sandy
loam.

61 to 82... Bi... Rod friable clay loam ... Mica schist.

clay

Baneomb«
County, N. C.

Spartanburg
County, S. 0.
Do.

138 to 1,'>S. C... Ye How is h-brown mrtly
decom()Oiied rock.
8

Cecil sandy clay
loam.

H to 4.... A... Fieddish-brown loamy
fine sand.
17 to 22... B... Red friable fine sandy
clay.
sotólos..
Yellowish-red partly decomiM>sod rock.
180 to 198. CI... GrayLsh-brown disinteKrated rock.

do

De Ktilb County,

c...

»

»....

M;idlson sandy
loam.
Madison gravelly
sandy loam.
MadLson gravelly
loam.
Oeorgeville silty
clay loam.

7 to 18....

Red, stifT, brittle clay... Quartz mica
schist.

Lamar County,
Ga.

Carolina
slate.

Northampton
County, N. 0.

Light-red friable, micaceous cluy.
C, Purplish partly decom30+
l>osed rock.
6toM.... B,... Deeivred silty clay
34 to 49...

11.... Manor loam..

BI...

18 to 30...

Light-red friable silty
clay.
4« to 60... C... Purplish partly decomposed rock.
MtoS....
Light-brown mellow
loam.
18 to 28... B.., Brownish->'ellow friable
clay loam.
13 to SO...
Llght-browD partly decomposed rock.
BI...

Mica schist.. Harford
Md.

Coontf,
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TABLE
Profile
No.

Soil type

12.... Manor loam

13.... Manor loam
U-.-. Chester loam

2.—Description of soil samples—-Continued
Depth

Horizon

Description

Inchet
8 to 15....

Yellowish-brown clay
loam.
60 to 72... C... Grayish-yellow partly
decomposed rock.
72+
Oto 7
12 to 18...

A... Light-brown micaceous
loam.

n...

Brown friable clay

Parent rock

Mica schist - Distiict of Columbia.

do
do

30 to 36... Ci.. Yellowish-brown friable
micaceous clay loam.
Ci.. Yellow partly decom<5+
posed rock.
16.... Chester loam

18+

18—. Durham
loam.

Oto 7

sandy

c...

Yellowish-red friable
micaceous loam.

A... Light-gray loose sandy
loam.
19 to 36... B... Light, mottled, yellowish-brown sandy clay
loam.
51 to 73... C,.. Mottled yellowish-red,
yellow, and gray partly
decomposed rock.
91 to 102. Ci.. Very light-gray slightly
decomposed rock.
10:UollO. 0,
do
110+
Bedrock

17.... Cecil clayloam

10to42... B,.. Red friable clay loam
43to90... Ml..
do
9110 180..
Keddish-ydlow friable
loam.
253 to 278. (J¡.. Light-gray, partly decomi)oscd rock.
Cecil clayloam
40 to 65... Tl.. Pale-reddish clay loam. .
65 to 100.. Cl.. Pinkish-brown decomposed rock.
150+
CI.. Grayish freshly decomposed rock.
Cecil sandy loam.- 151to270.
Light-gray disintegrated
rock.
Appling
sandy 10to20... Bi.. Keddish-yellow,
still,
loam.
brittle clay.
20to4ü... B,.. Mottled reddish-yellow
and light-red, stilt,
brittle clay.
40 to 60... Cl.. Yellow, friable, partly
decomposed rock.
Talladegaloam... 1 to5
A..
Iteddisli-brown micaceous loam.

Location

Montgomery
County, Md.
Arlington County,
Va.

Gneiss

Carroll
Md.

Granite
gneiss.

De Kalb County,
Qa.

Granite

Troup County, Qa.

Gneiss

Hall County, Qa.

Granite
Gneiss

Anderson County,
S. C.
Lamar County, Ga.

Mica schist

Polk County, N.C.

County,

c.

18-...

19.-..
20....

21....

With the exception of a few talten especially for this investigation,
the samples described in Table 2 were selected from the collection of
profile samples of the Division of Soil Survey. Thanks are due W. E.
Hearn and M. Baldwin for the special samples. For certain phases
of this investigation it was suiiicient to examine only one or two horizons of a profile, but for study of the changes in mica that accompany
soil development three or more horizons of each profile were e.xamined.
The profiles selected for obtaining data regarding the alteration and
loss of mica during soil development seemed well adapted for the
purpose. So far as could be judged by color, texture, and general
field appearance the profiles were normally developed and had not
recently been disturbed. It is presumed that they were formed from
homogeneous parent rocks, but of course this is by no means certain.
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THE CHEMICAL COMPOSITION OF THE MICA SAMPLES

The samples of mica isolated from the soil or parent material contained small quantities of other minerals and colloidal material which
could not readily be removed. These impurities and the proportions
of muscovite to biotite were estimated petrographicallv- The samples
were analyzed by the fusion method, and the actual composition of
the pure mica was then found by correcting the analyses for the constituents of contaminating minerals and colloidal material. The
compositions of the minerals employed in this correction were obtained by averaging analyses given by Dana (4)- Colloidal material
present in the mica samples was assumed to have the same composition as colloidal material from the same or related soils.
The compositions of the pure micas which were obtained in this
way are given in Table 3. For convenience of comparison, the average compositions of fresh muscovite and biotite are included in this
table. The composition given for muscovite is the average of 75
analyses assembled by Boeke (.2), and that given for biotite represents
the average of 35 analyses selected by Winchell (17).'
* Doelter (.5) ha.s assembled a greater number of analyses of both muscovite und biotite, but some of
these are considered by Hoeke and by Winciiell as of doubtful value. Doelter's analyses, however, average
about the same as those selected by Boeke and by Wincbell.
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It is apparent that the micas isolated from the soil proper and
from the weathered parent material are very different, with respect
to certain constituents, from the average fresh muscovita or hiotite,
and dilferent also from the mica in the bedrocks of profiles Nos. 1, 5,
and 12. The potash content of the soil mica is in general much
lower than that of either unweathered muscovite or hiotite; in fact,
in a few samples ])otash is almost absent. Combined water, on the
other hand, is several times greater in the soil micas than in either
fresh muscovite or hiotite. Magnesia is very low in samples made
up almost exclusively of hiotite. Iron, it will be seen, is almost
completely oxidized in the mica isolated from the upper soil horizons,
whereas fresh muscovite and biotite contain iron, predominantly in
the ferrous form.'
These differences between the soil micas and the average fresh
biotite and muscovite are evidently not due to the fact that the soil
micas are made up of variable proportions of biotite and muscovite.
Fresh biotite and nuiscovite contain approximately the same percentage of potash, both are low in combined water, and neither contains ferric iron in large quantities. Furthermore the differences
between the soil micas and the average fresh mica seem too large
and too consistent to be explained on the ground that the soil micas
originated from fresh biotites and muscovites that were very different
in composition from the average. The most probable explanation
of the différences is that they were produced by weathering. Table
3 thus gives qualitative evidence that the soil micas as a-whole have
been altered in potash, combined water, magnesia, and in oxidation
of iron.
Although the soil-mica samples as a group are obviously altered
in the four constituents mentioned, a further consideration of the
data is needed to show the extent of alteration in these constituents.
Also something more than a mere inspection of the data is needed
to show whether differences between the soil and fresh micas in
silica, alumina, and total iron are significant of changes in composition. Before positive conclusions are drawn as to the differences
that may be attributed to alteration and the differences that sho\üd
be allowed for chance variations in the two kinds of mica, it is necessary to consider variability in composition of the fresh micas, variability of the soil micas, and the magnitude of the differences between
these two groups. These three factors are given due weight in
calculations of mean differences, together with the probable errors
of the differences.
Accordingly, the mean difference between all soil micas and corresponding mixtures of fresh biotite and muscovite and the probable
error of the difference were computed for each of the six major
constituents, SÍO2, total iron as FeO, AI2O3, MgO, KjO, and H2O.
The results of the calculation indicate only whether alteration occurs
in the whole group of soil micas. This group contains muscovite
and biotite mixed in all proportions; hence alteration in the gi'oup
could be produced by alteration of either one or both micas. To
ascertain whether alteration should be ascribed to muscovite, calculations were made of the mean differences between fresh muscovite
and a group of nine soil micas which were considered pin-e nuiscovite.
! Although FoO was not determined In most of the A-hori?,on micas, because of the interference of organic matter, the assumption that iron Is completely oxidized in these horizons Is justified by the very
low contents of FeO in the next lower horizons.
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The group averaged 95 per cent muscovite, and no sample contained
less than 80 per cent of this form of mica. A similar calculation
made for 15 samples of nearly pure soil biotit« indicates whether
biotite is also altered.
A method * of computing probable error which seemed applicable
to this type of problem was suggested by F. D. Kichey, of the office
of cerealcrops and diseases, Bureau of Plant Industry. The authors
wish to express their appreciation to Mr. Kichey for his valuable
assistance and cooperation. The results of the calculations are given
in Table 4.
TABLE

4.—Average amounts by which soil micas exceed or fall below fresh micas
in various constituents and the -probable errors of the mean differences
(Uesults expressed as percentages of saiuplt;)

Data obtained from—

SiOi

Per cent
All samples analyzed '... +3. 3±0. .W
+4. S±0. 80
Biotite samples »+ 1.2±1.02
Muscovite samples »

FeiO.+ FeO
as Feo

AliOi

MgO

K)0

HiO

Per cent
-3. .liO. '.)-5. 8±1. 07
-0. 4±0. 82

Per cent
+5. 0±0. 73
+0. ¡±0 75
+0.2±1. 19

Per cent
-4. 8±0. 80
-7.5±1.3:i
-1. 1±0. 49

Per cent
-3. 7±0. 23
-4. 4i.O. 28
-3. 1±0. Al

Per cent
+4. 6±0. 2S
+«. 7-tO. 36
+3. 3±a 43

1 Results for KjO and lïjO based on 52 analyses and for other constituents on 32 analyses.
t Uesults for all constituents based on l.^ nnalysfs.
» Kesults for KjO and HiO based on 22 analyses and for other constituents on 0 analyses.

It is apparent that the samples of soil niuscovit<i as a ^Toup are
much lower in potash and higher in water than average fresh muscovito. With resi)eet to the other constituents, namely silica, tota!
iron, alumina, and magnesia, the groups of fresh muscovite and soil
muscovite are practically identical; the differences shown for these
constituents are small and in most cases are less than their prohahle
errors. The grouj) of soil-hiotite samples, on the other hand, diifers
from the fresh biotite group in ail constituents, the increased percentages of alumina and water and the decreased percentages of
magnesia and potash being especially })ronounced. The increase in
silica arul decrease in iron, although less marked, are still significant.
The diíTereuces shown by **all samples analyzed," which include
samples of nniscovite, biotite, and of the nd.xed micas, are, as would
be expected, intermediate between the differences shown by the
muscovite and biotite samples.
* The fnllowinn is Mr. RIchcy's desiription of the method used In calenlntinic the probable error. "In
computinK the probable errors for tlie mean difTrrenres between the soil niitns and the fresh n;icns it tí
necessary to take into consideration the variations in the fresh micas, the \nrinti(ins in ihe soil nii(as, and
the correlation between the two series.
"The variance (sf|uare<l standard deviation) for each computed value for frt.sïi mita, tf'y. was taken to
be the weighted mean of the variances for biotite ftf'«) and muscovite (íT'M), the weiphtirp beirp nccordinfc to the proportions of biotite ami muscovite. Thus the variance for the tomputcíl value of a .^aiupie of
fresh mica with 43 per cent of biotite and 67 in-r cent of muscovite would be:
tf»/-0.43^fl+0.57íriií
"The mean of the variances so computed {i^w) dives an estimate of the variation that might be expected
In a scries of actual samples of fresh mica similar in biotite and muscovite content to the series of computed
Tslues.
"The successive dilTerences between the individual samples of soil mien and the ccmimtcil values tor
samples of fresh mira containing the same nrnportions of biotite and muscovite were determined. The
variance of these diflerenees i*r. measures the variation of the diflerences brtween the soil mic-a. and the
straifilit line trend of the computed values ftir fresh mica, the ( ffects of er rrelntir n 1 hi til j bt ii p eliminated.
"The sum of these variances. €^r-¥f^ii. afTTds a reascratle basis frr ctrnputirir a probable error fw
tbe difTprences between the compute<l composition of fresh micas and the analyse« of the soil micas. The
probabi« error for the mean of D such difTerenccs is:
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The differences that have been pointed out as significant—in the
case of muscovite, an increase in the percentage of water and a decrease in the percentage of potash and in the case of biotite, increased
percentages of water, ahimina, and siUca and decreased percentages of
potash, magnesia, and total iron—are certainly not due to chance
variation in random sampling. These differences range from 3}^ to 20
times their respective probable errors and correspond to odds from
40 to 1 to millions to 1 against the differences being due to chance.
Moreover, the individual differences were preponderantly in one
direction, which gives even higher certainties of the differences being
significant.
Although the results of Table 4 show with certainty the constituents in which there are significant differences, they do not show with
the same certainty the exact extent of these differences. In the case
of IvjO, for instance, where the average difference between soil
muscovite and fresh muscovite is 3.7 ± 0.23 per cent, the chance that
there is a significant difference is infinitely great, since the difference
is 16 times its probable error. The chances, however, are only even
that the true value of the difference lies within the limits of the
probable error, namely, between 3.47 and 3.93 per cent. But it is
practically certain that the true average difference lies between the
limits set by three times the probable error; namely, between 3.01
and 4.39 per cent.^
Inasmuch as these differences are obviously not due to variations
encountered in random sampling, it would seem that they should be
attributed to partial alteration of the soil micas. Further consideration is given to this conclusion in the section on "Alteration of mica
particles diifering in clearness of interference figure;" but for the
present it may be accepted without further proof.
DIFFERENCES IN COMPOSITION OF MICA PARTICLES AS RELATED
TO SIZE

The data regarding alteration that have been discussed apply with
certainty only to the average particle in the groups of soil mica samples
rather than to all the particles. Unless all the particles are uniform in
composition they can not all have been altered to the extent indicated
by the analyses. It is very important to know in connection with
questions arising in further discussion whether all the particles in any
one sample are alike in composition. For instance, certain samples
of muscovite are so high in potash that it would seem that they have
not been altered at all. The question arises whether in the horizons
or profiles from which the samples were isolated the conditions are
such that muscovite is not altered. If all the particles are of the same
composition as the whole sample, this would appear to be the case.
If, however, many particles arc much lower in potash than others, it
would appear that alteration does take place in the horizon or profile,
but that it has progressed in the average particle to only a slight
extent.
The appearance of individual particles under the microscope indicates that different degrees of alteration may be represented in the
same sample, since the interference figures are much sharper in some
' A diflerenee of three times the probable error Elves odds of somethlne over 30 to 1. which is tisually co»Bidered to represent practical certainty.
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particles than in others. It was thought that more conclusive evidence regarding uniformity might be obtained by separating some of
the mica samples into fractions of different-sized particles. If the
particles are not uniform, it would seem that the smaller particles
should show greater alteration than the larger ones. Accordingly,
several samples of soil muscovite and biotite were separated by
sieving into coarse and fine fractions. The coarse fractions contained
particles larger than 0.25 millimeter, and the fine fractions contained
particles about 0.07 niillimetor in diameter, except in the case of the
two samples from Cecil profile No. 8. Here, the coarse fractions contained particles above 0.07 millimeter and the fine fractions particles
between 0.07 millimeter and about 0.005 millimeter. These fine
fractions were not obtained by sieving samples of previously isolated
mica; they were the silt fractions of the whole soils. As it happened
these fractions were made up chiefly of mica with some quartz. The
analysis of the whole sample corrected for the quartz ¡jrescnt gave the
composition of the mica. Combined water and potash were determined in the fractions. The results are given in Table 5.
TABLE

Profile
No.

2>
n
3
6
91
10
14
18
8

5.—Potash and combined water in coarse and fine fractions of soil mica

Soil series from which mica was
isoIate<l

Cecil
do
ilo

M:iit,ir
Chester
Cecil
.do
do

-

Depth of
horizon

Proportion of
muscovite to
biotite

K,0>
Coars«
iractiou

Fine
fraction

HiO'
('oarse
fraction

Fine
fraction

Inches
Per cent Per cent Per cent Per cent Per
11:89
4.2
2.4
8.4
f,0 to I'iS..
If!« to 240..
14:86
4.6
2.0
8.2
60 to 84. ..
12:88
3.3
1.1
10 6
30 to 40. -.
0:100
4.3
2.0
9.6
l.S to30. .. 100:0
9.4
7.0
4.8
48 to 60...
5.0
98:2
9.5
6.5
8 to 1.')
72:28
7,5
6. 1
6.3
30 to 36. . .
78:22
7.7
6.0
6.7
88:12
i..^ to 100. .
5.2
2.7
10 5
60:40
2. 1
08
10 9
-- 80 to 101. .
180 to 198-.
50:44
2.9
1.4
9.4

cent
9.7
11.1
12.0
11.8
6.7
4.4
4.7
6.8
9.1
16.1
15.9

Ï Determinations by G. J. Hotlgh and O. Kdgington.
* Samples 2. 3. an'l i; iTcdominanlly biotite.
'Samples 9, 10. 12. U, and 18 predominantly muscovite.
* öanipies 8 oí mt.xcd micas.

It is evident from Table 5 that the fine fractions of biotite contain
only about one-half as much potash as the coarse fractions, and
appreciably more combined water. The fine fractions of muscovite
are significantly lower in potash than the coarse fractions, but the
water content is irregular. It thus appears that different mica particles in the same sample vary considerably in the extent to which
they are altered, the fine particles being altered more than the larger.
In view of this conclusion, it would seem that the very fine mica
which could not readily be isolated from the soil by the procedure
followed is lower in potash and is probably altered more in other
constituents than the mica which was isolated. It follows, therefore,
that the samples of mica are by no means representative of all of
the mica in the soils from which they were isolated, although there is
little doubt that they do represent all of the mica in the soils composed
of particles of upper silt and saud sizes.
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It might also be concluded that even those samples of isolated
soil mica which have compositions similar to fresh mica are altered
to some extent. The alteration may, however, be confined to the
finer particles.
ALTERATION IN PARTICLES DIFFERING IN CLEARNESS OF
INTERFERENCE FIGURE

THE

The mica particles as a group have been seen to diíTer significantly
in composition from fresh mica, the differences having been ascribed
to alteration. There is a possibility, however, that these differences
might not be due to alteration. Many samples, as \vas mentioned
on page 5, contained particles which were micaceous in appearance
but which could not with certainty be identified as mica because of
the absence of an interference figure. These particles seemed to be
highly altered mica, but since they could not be positively identified
as^'such it is possible that they might have originated not from mica
but from other minerals. The ((uestion then arises, might not the
samples be made up simply of fresh, unaltered mica particles and of
indeterminate particles derived from some other mineral? The
indeterminate particles might have a composition so different from
mica that their presence in the samples would produce the changes
in composition that have been attributed to alteration.
It was, of course, necessary to test this hypothesis, although the
appearance of the mica particles indicated that it was incorrect.
The distinctively mica particles did not all have the appearance of
fresh mica, and progressive variations were shown in refractive index,
birefringence, and distinctness of the interference figure between
fresh mica and the so-called indeterminate nuiterial. Such variations in the optical characteristics of particles positively identified
as mica were suggestive of chendcal alteration. In order, however,
to be more certain that chemical alteration had occurred, it was
desirable to gain an idea of the compositions of particles which varied
in their optical characteristics.
It did not seem possible to make a perfect separation of the different kinds of particles. However, it was possible to prepare fractions
in which particles having distinct, blurred, very blurred, or indeterminate interference figures predominated. B}^ comparing the compositions of such fractions some idea was obtained as to the composition of these kinds of particles.
This partial separation was possible because there seemed to be a
relation between the rate of settling of mica particles from w^ater
and the degree of blurring, the more highly blurred particles requiring
a greater time for settling than the more distinct. The separation
was made as follows: A 5-grain sample of mica, to which a few cubic
centimeters of water had been added, was rubbed for a few minutes
with a rubber-tipped pestle. The material was transferred to a
glass cylinder, water was added to a height of 15 centimeters, and the
suspension was decanted almost immediately. The material left
in the cyfinder was resuspended and decanted until microscopic
observation showed that it was made up largely of distinct particles.
The blurred, very blurred, and indeterminate fractions were prepared
from the decanted material in a similar manner, except that a longer
settling was allowed for each successive fraction, sometimes 30
minutes for the indeterminate fraction.
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The percentages of the different kinds of particles in each fraction
were estimated petrographically. The criteria used in identifying
the different particles were as follows: Particles which were classified
as distinct showed a sharply defined interference figure. In the blurred
particles the two hyperbolas forming the interference figure were
blurred but showed complete separation at all points (except at the
foci, in the case of biotite) as the stage was rotated. The very blurred
particles showed a vaguely outlined figure. The indeterminate
particles either showed no figure whatever or a figure too vague to
permit of identification of the material. The quantities of the
different particles in a fraction were estimated by measuring areas.
About 100 particles were measured in each sample. Since preliminary measurements showed that the various groups of particles averaged about the same in thickness, and since it may be assumed that
the particles in each group had about the same specific gravity, it
follows that the percentage of the total surface exposed by each
type of particle should correspond roughly to percentage by weight.
Four samples of soil mica—two of biotite and two of muscovite—
were each separated into four fractions; the percentages of tlie different
kinds of particles in each fraction were estimated; and the samples
were analyzed for potash and water. The data are given in Table 6.
TABLE

6.—Relation between KiO and IhO contents of muscovite and biotite samples
and blurring of the interference figure
Percentage of each type of particle In
the sample
Description of sample

KiOi

Per cent
2.6
8.5
7.3
Do
-Do
--.6
Do
Mu-scovite isolated frorn profile No. 11,
6.7
7.7
4.3
Do
3.3
Do
3.8
Do
Biotite isolated from profile No. 6, Louisa
3.8
series. 30 to 40 iiiclies
_
3 8
3.5
29
Do
3.2
Do
Biotite isolatp<l from j)roflle No. 2, Cecil
3.9
4.9
a.o
Do
-4.1
Do
2.3
Do
Muscovite isolated from profile No. 20,

UlOi
Distinct

Blurred

Very
blurred

Indeterminate

Per cent
9.9
6.8
6.8
14.8
13.3

Per cent
23.2
.'i2.2
37.0
0
0

Per cent
35.9
30.9
40.6
6.3
14.7

Percent
26.6
11.5
13.3
44.8
35.8

Per cent
14.3
5.4
9.1
48.9
49.9

6.3
5.6
9.1
11.4
8.3

77.9
93.4
4.9
0
0

16.2
4 3
74.7
20.6
28.2

3.0
.6
12.4
63.1
26.»

2.0
1.7
7.»
16.0
44.9

10.2
9.6
10.8
12.2
11.2

26.2
37.2
0
0
0

51.4
.54.1
.v.. 7
19.3
0

13.6
7.2
33.9
63.7
19.6

8.7
1.5
9.4
17,0
80.4

8.6
89
8.8
10.0
12.3

51.7
68.5
13.5
4.6
15.3

38.0
26.5
74.2
30.9
7.0

7.0
4.7
8.2
,W. 1
10.2

3.3
.3
4.1
8.4
67.5

I Determinations by O. J. Iloufch.

That chemical alteration is associated with blurring of the interference figure is immediately apparent from the data of Table 6.
Those samples and fractions which contain the least potash and the
most water are composed predominantly of very blurred and indeterminate particles. Where chemical alteration is less marked most of
the particles are distinct or blurred. This relation is especially pronounced in the case of the muscovite fractions. The biotite fractions

ALTERATION OF MUSCOVITE AND BIOTITB IN THE SOIL

17

show comparatively small differences in potash and water, but the
differences correlate fairly well with the degree of blurring. It is of
particular significance that marked alteration is evident in many
muscovitc and biotite fractions in which the quantities of indeterminate particles are so small that they could have only a negligible
influence on the composition of the fractions. Consequently the
remaining particles—the distinct, blurred, and very blurred particles—which are obviously mica in their optical properties, must, as
a group, be considerably aïtered. These facts dispose of the hypothesis previously mentioned, that the alteration of the mica samples
might be only apparent in that the samples might be made up simply
of fresh mica particles and of indeterminate particles derived from
some other mineral.
A fairly definite idea of the extent to which the distinct, blurred,
very blurred, and indeterminate particles have been altered was
obtained by calculating from the data of Table 6 the most probable
potash content of each kind of particle. In accordance with the
method of least squares, a series of 10 observation equations was
written for muscovite and a similar series for biotite by equating the
sum of the percentages of the different types of particles found in
each fraction to the percentage of potash present. The values for
potash in distinct, blurred, very blurred, and indeterminate particles
which best satisfied each series of equations were then calculated,
together with their probable errors, according to methods given by
Merriman {14). These data are given in Table 7.
TABLE

7.—Potash content of particles of soil muscovite and biotite, showing interference figures of various degrees of distinctness
Percentage of potash
in—
Appearance of interference figure
Mu.scovite

Biotite

Per cent
8. 6±0. 9
6. 7±1.3
2. 6±2. 0
-0. 5±2. 2

Per cent
4.6±0.6
4. 5±0. 5
3. 2±0.8
2. 2±0. «

Although large probable errors are associated with these calculated
values for potash, it is apparent that there is a general decrease in
potash from the distinct to the indeterminate group. A series of
values calculated for combined water would show a similar progression
except that the values would follow the reverse order. It may be
concluded, therefore, that the mica samples are made up primarily
of mica particles which show widely varying degrees of alteration.
The fact that a correlation between optical properties and chemical
composition extends without obvious break from distinct to indeterminate particles affords some evidence that the so-called "indeterminate" particles may be merely highly altered particles of mica.
It is apparent from the magnitudes of the probable errors given in
Table 7 that particles showing the same degree of bhu-ring vary
considerably in content of potash, especially the muscovite samples.
This observation is also borne out by the data of Table 6. For

18

TECHNICAL BULLETIN 128, U. S. DEPT. OF AGRICULTURE

example, in those fractions from the AppUng soil which contain
0.6 and 0.7 per cent of potash the very blurred particles could not
contain over 1.5 per cent K2O. However, in that fraction from the
Manor soil containing 3.3 per cent KjO, the very blurred particles
probably contain about 3 per cent K2O. Such variability may be
due in part to differences in distribution within a group of particles
varying somewhat in distinctness of their intorfei'ence figures, and,
consequently, in percentage of potash. It also may be due in part
to variations in the compositions of the fresh micas from wluch the
particles were derived.
A feature of tlie data not so readily e.xplained is the fact that particles of biotite which show a distinct interference figure contain hardly
more than one-half the potash normally present in fresh biotite. It
is surprising that the appearance of the interference figure of such
particles gives no indication of this profound alteration.
The correlation obtaining between potash content and distinctness
of the interference figure is of practical importance. In estimating
the composition of soils by the pétrographie method it is obviously
important that the altered compositions of mica particles be taken
into account. Wliile the calculated muscovite values are subject
to a large probable error, it is preferable to employ these values
rather than the average value for potash in fresh muscovite. The
biotite values are less variable and can be used with more surety.
It .seems obvious from the relations found between distinctness of
interference figure and composition and between particle size and composition that all of the isolated mica samples are |)rol)ably altered to
some e.xteut. Data given in Tables 5 and Q indicate that even samples
having a potash content approximately that of fresh mica contain
some particles which are smaller than others and some particles which
have blurred interference figures. These particles, it has been shown,
are lower in potash than the larger distinct particles, wliich may or
may not be altered.
NATURE OF THE ALTERATION

Thus far attention has been devoted chiefly to the extents to which
soil micas differ from fresh micas in composition. It has been shown
that when muscovite and biotite are altered in the soil there is a decrease in the percentage of potash and an increase in the percentage
of water. In the case of biotite there are also increases in silica and
alumina, decreases in iron and magnesia, and an oxidation of ferrous
iron. The mechanism of these changes and the nature of the material
to which the micas are altering have not been considered. Lighten
these subjects, however, can be obtained from a further consideration
of the data.
Presumably none of the isolated samples of soil mica represent a
definite end product of alteration, since preceding data show that any
sample may contain particles altered to quite different extents. However, an idea of the end products toward which nnisrovite and biotite
are altering can be calculated from the changes that have already
taken place, if certain assumptions are made. (1) It is assumed that
the end product of alteration would be reached if the changes apparent
in the i-olated samples were merely carried further. (2) It is assumed
that the observed differences in composition between the soil micas
and fresh mica represent the exact extent of those changes.
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The soil-muscovite samples (those containing over 80 per cent
muscovite) dift'or from average fresh moscovite only in showing a
reduced content of potash and an increased content of water. The
extent of these diiloroncos is given in Table 8 for 10 samples which
show evidence of alteration. In calcvdating these differences the 10
analyses taken from Table 3 were corrected for the small amounts of
biotite present.
8.—Deviatiom of soil muscovite from average fresh muscovite with respect
to percentages of potash and water: Decrease in potash compared with increase
in water

TABLE

Profllo
No.

17
17
20
20
20
18
lU
18
9
11

Cecil
do
fio
do
Cecil
do
do

-.

Decreaso
In K,0

Increase
in lIiO

Inches
Per cent
8.9
43 lo 90
8.1
01 to IHO
6.5
2U to 40
5.6
40 to 00
5.4
10 10 20
53
66 to 1(X)
5.1
161 to 270
4.6
40 to 05
2.3
.30+
2.3
18 to 28

Per cent
U. 0
7.9
5.7
7.4
4.6
6. 1
6.3
6.6
2.4
2.7

DcpUi of
horizon

Soil series fMjin which the mica was iS{)l:ito(l

UjO
Ki'O

1.0
1.0
0.0
1.3
0.8
1.0
1.0
1.2
1.0
1.2
LO

It is apparent that in nearly every case the decrease in percentage of
potash is almost equal to the inciease in ¡¡ercentage of water. The
most advanced stage of the observed type of alteration would then be
reached when the material no longer contained any potash. The
water content of the end product is readily calculated. Since average
fresh muscovite contains 9.2 per cent K2O and 4.6 per cent H2O (Table
3), and since a decrease in percentage of potash is accompanied by an
equal increase in water, the water content of the end product would
be 13.8 per cent. None of the soil musco vites differ significantly from
the fresh material in percentages of silica and alumina (Table 4) ; it
may be assumed, therefore, that further alteration would produce no
a]>preciable changes in these constituents. The calculated composition
of completely altered soil muscovite would then be SÍO2, 46.2 per cent;
AloOa," 35.9 per cent; and H2O, 13.8 per cent. This composition, it
will be noted, is essentially that of kaolinite, which is SÍO2, 46.5 percent;
AI2O3, 39.5 per cent; and H2O, 14.0 per cent.
The product toward which the soil biotites are altering may be
calculated in a similar manner. The soil-biotite samples, however,
differ significantly from fresh biotite in the percentages of six constituents. The extents of these differences are shown in Table 9.
The composition of soil biotite givcii in the table is the average of
15 samples containing 80 per cent or more of biotite, the whole group
averaging 91 per cent biotite. The compositions of the samples were
corrected for the small quantities of soil muscovite which they
contained.
s This value includes 2.4 per cent FeaO».

20

TECHNICAL BULLKTIN 128, U. 8. DEPT. OF AGRICULTURE

TABLE

9.—Comparison of average compositions of fresh biotite and soil biotite

Average frpsh biotite

SiO,

Al.Oi

Total iron
as FeO

MgO

KiO

HîO

Per cent
38.2
40.4

Per ant
16.3
26.3

Per cent
IS. 4
11. S

Per arU
12.4
4.2

Per cera
8.2
3.6

Percent
2.8
«.8

+4.2

+10.0

-6.5

-8.2

-4.6

+7.0

+ 11.6

+C1.3

-35.3

-CCI

-56.1

+260.0

Difference expressed as pcrw;ntage of the
quantity of the constituent present in

It is seen that alumina, silica, and water have • increased in the
altered samples to quite different extents. Potash, mafrnesia, and
iron, on the other hand, have diminished more uniformly. The
average reduction in these bases is shown in the last line of the table
to amount to a little more than one-half of their values in fresh
biotite or 52.5 per cent. If, in calculating the composition of the
end product of alteration, it is assumed that alteration is complete
when all FeO, MgO, and K^O have disappeared and that they all
disappear at the same rate, then the average composition of the soil
biotites shown in Table 9 represents 52.5 per cent of complete alteration. The difference of +4.2 per cent SiO,, +10 per cent AI2O3,
and +7 per <'ent HjO might then be considered as the changes in
these constituents accompanying 52.5 per cent of complete alteration.
The increased percentages accompanying complete alteration would
thus be +8 per cent SiO,, + 19 per cent Al.Oj, and + 13.3 per cent
H2O. These values added to the respective percentages of the
constituents in average fresh biotite would give as the composition
of the end product: SiOj, 44.2 per cent; AI2O3, 35.3 per cent; and
H2O, 16.1 per cent. This again is about the composition of kaolinite.
The preceding calculations indicate at best only that the samples
of muscovite and biotite are tending toward kaolinite in tlieir
alteration. One of the basic assumptions, that the extent of alteration in the various constituents is shown by the differences in composition between the fresh and the soil micas, holds only within
certain limits. As pointed out on page 12, these differences in
composition are subject to more or less probable error; hence the
differences that can be attributed with certainty to alteration lie
within a certain range of values, the range being two or three times
the probable errore. If allowances were made for the probable errors
in calculating the composition to which the micas are approaching, a
series of values would bo obtained for the composition of the end product. This series as a whole would vary rather widely around the
calculated composition, which has been given as that of kaolinite.
Whether kaolinite is actually formed in the soils is, of course, at this
point highly speculative.
Some information regarding the nature of the change that has
already taken place in the muscovite samples can be obtained from the
data given in Table 8. The equality that obtains between the
increased percentages of water and the decreased percentages of
potash shows that the alteration is not a simple replacement of potassium by hydrogen in stoichiometric proportions, the molecular
weight of potash being approximately five times that of water. It is,

ALTERATION OF MUSCOVITE AND BIOTITB IN THE SOIL

21

of course, possible to assume that there is a replacement of potassium
by hydrogen and that this is accompanied by the addition of several
molecules of water of hydration; but a more probable explanation
will be developed later.
Similar evidence regarding the nature of the alteration can be
obtained for the soil biotites. Table 10 shows that in the case of
the biotite samples also, fairly constnnt relations obtain between the
increased percentages of water and the decreased percentages of
potash, magnesia, and iron. From the constancy of these relations
the question naturally arises whether alteration of biotite is not
simply a substitution of water for these three constituents. Apparently this is not the case. When the molecular compositions of
average fresh and altered biotite were compared, and it was assumed
that either alumina or silica was unchanged, it was found that the
gain in water was not equivalent to the total losses of potash, magnesia, and iron, or to any combination of them. Apparently, then,
neither in the case of biotite nor in the case of muscovite is the
alteration a simple replacement of bases bj^ hydrogen in equivalent
quantities.
10.—Deviation of soil biotite from average fresh biotite with respect to percentages of iho, KiO, MgO, and FeO: Increases in H-¡0 as compared with
decreases in other constituents

TADLE

Profile
No.

4- _
4
1
1
3
6
1
3
12
2
2
5

Soil .scries from
which biotite was
isolated

Depth of
horizon

Increase
in IIjO

DeDeDecrease crease crease
in K.O in M go in FeO

Per cent Per cent Per cent Per cent
Inches
6.2
8.1
96 to 112_..
10.6
4.8
76
10.0
onto 84-...
9.1
6.8
8.9
8.4
10.1
48 to 60....
6.7
10.0
8.1
10.0
60 to 72....
6.6
6.0
7.8
7.8
6.0
'(>di..'';i"i"i;; 40 to 60....
7.5
30 to 40....
7.4
4.4
7.9
l.onisa-.
7.2
4.1
9.0
72 to 96....
7.2
3.4
7.1
3.2
7.1
Cecil
84+
.5.4
2.4
6.9
3.5
I'ortor.s
48 to 60....
6.4
6.7
4.7
83
60 to 168...
Cecil
4.8
7.6
4.9
25 to .TO....
6.6
rto..
3.2
8 to 24
6.4
4.2
6.3
do
6.9
5.4
169 to 24fl..
5.4
3.6
8.4
7.1
0 to 4
5.4
3.9
10.3
11.3
2.7
4.2
Oto 6
Ashe

HiO
KiO

HjO
MgO

HiO
FeO

2.2
1.3
1.5
1.4
1.6
1.7
1.8
2.2
2.0
1.4
1.4
1.5
1.5
1.4
.7

1.3
.9
.8
.8
1.0
.9
.8
1.0
1.3
.8
.9
1.0
.8
.6
.3

1.7

1.55

.88

1.30

1.2
1.0
.8
1.3
1.0
1.0
2.1
2.9
1.0
1.3
2.0
1.0
.8
.2

It would seem that any explanation of the changes that the soil
micas have already undergone should take into account the relations
between water and other constituents that have been pointed out.
These relations are so constant for data of this kind that they are
probably significant. All these relations, the equality between the
increased percentages of H2O and the decreased percentages of KjO
in the muscovite samples and the constant proportions between
increased percentages of H2O and decreased percentages of K2O,
MgO, and FeO in the biotite samples, can be explained by the hypothesis that the samples are mixtures of unaltered muscovite or biotite
and material of kaolinite composition. It is, of course, evident from
the examinations made of particles of varying optical characteristics
that such mixtures would not be composed of gross particles of unaltered muscovite or biotite and kaolinite, since the samples contained
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few if any particles having the compositions of these minerals. The
particle itself, however, might be an isomorphous mixture of musco vite
or biotite with kaolinite.
That the compositions of the mica samples may be accounted for
by this hypothesis may be seen from the following calculations. If
fresh muscovita containing 9.2 per cent KjO and 4.6 per cent HjO
is mi.xed in any proportion with kaolinite containing no potash and
14 per cent ïÙO, and the composition of the mixture is compared
with that of fresh muscovite, it will be found that the increased percentage of water and the decreased percentage of potash will be in
the ratio of 1 to 1. It will be recalled that an average ratio of 1 to 1
was actually observed in the case of the muscovite samples. (Table
8.) Since fresh muscovite and kaolinite did'cr but slightly in percentage of silica or of alumina, the percentages of these constituents
would remain practically unchanged in any mixture of the two minerals; and, as a matter of fact, none of the soil-muscovite samples
differ appreciably from fresh muscovite in SiOj and AI2O3. It follows,
therefore, from these relations that the composition of any soil
muscovite may be explained by assuming that kaolinite is present
in the muscovite particles in some proportion.
Similarly, if biotite containing 8.2 per cent KoO, 12.4 percent MgO,
18.4 per cent FeO, and 2.8 per cent H.O is mixed with kaolinite in
any proportion and the composition of the mixture is compared with
that of fresh biotite it will be seen that the ratios of the increase in
percentage of water to the decreases in percentages of the basic constituents will be as follows:
K,0

^•^^'

reo"^"The average observed ratios were (Table 10):
K,0

^■^^•

MgO^°-^^'
FeO ^■•^■
The discrepancy between the calculated and observed ratios in the
case of iron would be explained if a part of the ferrous iron released
in the alteration of biotite to kaolinite remained in the mica particles
as coUoidally dispersed ferric oxide. The silica and alumina content
of the biotite samples is also in accord with the hypothesis that the
particles are mixtures of biotite and kaolinitelike material. How well
the hypothesis explains the analytical data for all constituents in
biotite is shown by Table II. The average composition of the soil
biotite samples is shown in this table, together with the composition
of the mixture of fresh biotite and kaolinite, which would have the
same percentage of water as the average soil biotite.
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11.—Composition of average soil biotite as compared with that of a mixture
of fresh biotite and kaolinile
SiOi

Per cent
36. 2
4fi. 5
4U.4
Average c'oinpositioTi of soil hiotitr samples.
Composition of inixt lire of fresh biotite and
kaolinite liaving same percentage of
42.6
water as average soil biotite samples

Tot al iron
as FeO

MgO

KiO

HiO

Per cent
16.3
:í9. .1
26.3

Per cent
18.4

Per cent
12.4

Per cent
8.2

11.9

4.2

3.6

Per cent
2.8
14.0
9.8

30.8

6.7

4.7

3.1

9.8

AhOj

The composition of the mixture of fresh biotite and kaolinite based
on percontaííe of water a^jrees fairly well with the average composition of the soil-biotite samples in all constituents except FeO. Mixtures having the same content of KjO, MgO, AI2O3, or SiOj as the
soil biotite would also agree fairly well with the average soil biotite
in other constituents. Such variations as occur between the composition of the average soil biotite and the calculated compositions of
the mixtures of biotite and kaolinite arc no greater than would be
expected from the use of an average composition for fresh biotite.
Fresh biotite is very variable in composition, particularly in regard
to magnesia and iron, and it would be entirely possible for the 15
soil biotites to contain fresh biotite of a somewhat different composition from that used in calculating the composition of the mixture.
It is thus apparent that the hypothesis that the samples of altered
biotite are composed of fresh biotite and kaolinite in various proportions satisfactorily explains the data.
The optical characteristics of different particles in the mica samples
are also in harmony with the hypothesis that the particles are isomorphous mixtures of muscovite or biotite and kaolinite. As previously noted, a general correlation obtains between blurring of interference figure and chemical composition. A close correlation was
also observed between blurring of the interference figure and reduction
in refractive index and birefringence. Particles having a vague interference figure, or none at all, had a refractive index approaching
that of kaolinite and were nearly Isotropie. Such optical characteristics would be expected in isomorphous mixtures of mica and kaolinite.
The process by which muscovite and biotite may alter to kaolinite
may be regarded as one of hydrolysis. Alteration of muscovite to
kaolinite may be represented by the equation:
2KH2AI3SÍ3O12 + 5H2O = 3H4AI2SÍ2O9 + 2K0H
Biotite may be presumed to alter to kaolinite in accordance with the
equation:
KHMgFeAlsSijOn + 4H2O = H4AI2SÍ2O9 + Mg (0H)2 + Fe(0H)2 + KOH
+ SÍO2
It will be noted that alteration of biotite according to this equation
would involve the loss of one molecule of silica.
If kaolinite is to be regarded as an alteration product of mica, it
might seem that well-defined particles of kaolinite should be present

24

TECHNICAL BULLETIN 128, U. S. DEPT. OF AGRICULTURE

in the micaceous samples and in soils in general. Such particles,
however, were lacking in the mica samples and are of extremely rare
occurrence in soils. In some cases the so-called indeterminate
material had a composition very close to that of kaolinite. For
example, an examination of the mica isolated from profile No. 7, B
horizon (Table 3), showed that this sample was made up largely of
indeterminate particles. Such particles were of a platy structure,
very slightly biréfringent, and had a refractive index, 1.56, close to
that of kaolinite. They lacked entirely, however, the interference
figure characteristic of \vell-deiined kaolinite. If the material were
to be classified mineralogically, perhaps it would be as properly called
kaolin as kaolinite, although the term "kaolin" is not usually applied
to material occurring in such well-defined plates.
MICA IN DIFFERENT HORIZONS OF THE SOIL PROFILES

It has been seen that in all the soils studied biotite contains less
potash, magnesia, and iron, and more combined water, silica, and
alumina than average fresh biotite. Muscovite in certain soils has
a composition differing but slightly from that of normal muscovite,
but in other soils it deviates widelj' from average fresh muscovite in
being lower in potash and higher in water. These facts would bo
stated in terms of the alteration hypothesis as follows: Particles of
soil biotite contain considerable material of kaolinite composition;
particles of soil muscovite in some soils contain very little kaolinitelike
material, but in other soils they may contain a considerable quantity.
For an understanding of soil development it is important to determine when these changes in the composition of mica take place,
whether they occur during the initial decomposition of the parent rock
or whether they take place after the minerals have become a part of
the soil proper. It is also important to compare the various profiles
with respect to the degree to which the mica is altered. Differences
in alteration may be significant in characterizing different soils or
soil series.
The alteration of mica in the development of a soil profile might
be expected to be progressive; that is, a slight change in composition
in the initial stages of rock weathering with a continuous loss of bases
and gain in water as weathering progressed would seem probable.
Evidence, however, on this subject can be obtained by comparing the
compositions of micas found in tiie different horizons of the soil
profiles. Data for this comparison are given in Table 3.
In considering the alteration of mica in diftcrcnt horizons it is suíTicient to ob.scrve the ])otash and water contents of the samples. It
has been shown that these constituents exhibit marked changes in
percentage when either muscovite or biotite is altered and that the
percentages of the other variable constitiients parallel the changes
in potash and water. The potash contents of mica from profiles
Nos. 1 to S and 17 to 21, inclusive, are so low that it is evident that
alteration has occurred in these profiles, although analyses of the original fresh mica are available in but two instances. Other samples
having a potash content near that of fresh mica are probably also
somewhat altered, since observation of the individual particles in
Buch samples showed the presence of altered material. (Table 6.)
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It can readily be seen that the micas isolated from different horizons
above the parent rook are all altered to about the same extent in anyone profile. Mica isolated from the lowest part of the C horizon
examined shows in each case as marked evidence of alteration as
mica occurring in the surface horizon. This is true even when the
lowest part of the C horizon consists of soft, only slightly disintegrated
rock, as in the case of profiles Nos. 1, 4, 12, and 16. Of course, it
can not he stated just where in every profile the most marked change
in composition of the mica occurs, h\it the data of Table 3 indicate
that in most profiles this change takes place in the lower part of the
C horizon.
It should be pointed out that these data which show an approximately constant composition of mica in different horizons were all
obtained on mica samples isolated from the soil material. Since the
samples contained only particles above silt size, all finer material
having been discarded in the process of isolation, the appro.ximate
constancy in composition that has been pointed out properly applies
only to those mica particles in the horizons which wore between 2 and
0.05 millimeters in diameter. Consideration of other data indicates,
however, that a similar constancy in composition probably obtains
for the total mica in the horizons. In the lower C horizons of profiles Nos. 2 and 8 to 12, iiu-lusive, so little fine nuiterial of any kind is
present that practically all the mica in these horizons must have been
isolated; hence the compositions of these particular samples shown
in Table 3 must represent fairly closely the total mica in these horizons.
In other horizons where mineral particles of silt size are relatively
abundant the conii)ositions of the total mica would probably be somewhat different from the analyses presented in Table 3, but not markedly so. Analyses given in Table 5 show that the silt-sized mica in
horizons Cj and C, of profile No. 8 contain, respectively, 0.8 and 1.4
per cent K2O, and 15.1 and 15.9 per cent 11,0. The isolated mica
samples from these horizons (Table 3) contained, respectively, 2.09
and 2.87 per cent KoO and 10.92 and 9.40 per cent II2O. The total
mica in these horizons woidd, therefore, contain potash and water
in amounts intermediate between the sots of values given above, the
exact values depending on the proportions of silt and sand sized mica
in the horizons. It is not xmlikeW that a similar order of difference
obtains between tlie isolated mica samples and the total mica in the
other soils. This difference would tend to make the total mica of
the horizon somewhat less constant in composition than appears in the
data of Table 3 only in cases in which the horizons showed variations
in proportions between silt and larger particles.
The appro.ximate constancy in the comjiosition of mica throughout
a profile does not mean that the mica after midergoing alteration in
the lower i)art of the soil profile is thereafter stable and consequently
resistant to further change in the upper horizons. It will be shown
that large losses of mica occur in the development of many soil profiles; hence the mica in the upper profiles must be undergoing further
alteration to clay or kaolin. These facts in terms of the alteration
hypothesis previously developed would mean that in the transition
of hard to soft rock a certain portion of muscovite or biotite molecules
are altered to kaolinite material and that this ratio of nniscovite or
biotite molecules to kaolimte inolccides remains thereafter fairly constant. That this ratio remains fairly constant above the lower C
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horizon, although losses in the material as a whole are taking place,
would mean that as a given quantity of muscovite or biotite passes
into kaolinite above the lower C horizon an approximately equal quantity of kaolinite material passes into the clay or colloidal (¡art of the
soil. The two rates of alteration, that of mica to kaolinite and that
of kaolinite to clay, must bo approximately equal in all horizons of a
proHle above the lower C, and in all profiles. In the lower C horizons,
however, the rate of alteration of mica to kaolinite must exceed that
of kaolinite to clay, since if it were here the same, mica in the upper
horizons would have the composition of fresh mica according to the
hypothesis, it is, of course, possible that in the lowest C horizon,
where the composition of the mica seems to bo determined, the passage
of kaolinite to clay may not take place.
Although the mica within any one profde tends to be fairly constant in composition, there are, in some cases, wide differences
between the micas of different profiles. In profiles where muscovite
predominates the potash content of the mica varies from 1 to 9 per
cent. On the other hand, there are no marked differences in the biotite profiles, the mica in all cases containing about 4 per cent KoO.
Apparently, muscovite may be highly altered in some profiles but only
slightly altered in others, while biotite is altered fairly uniformly
in all profiles.
The six profiles (Nos. 1 to 6, inclusive. Table 3) in which the mica is
chiefly biotite are of the related soil series, the Cecil, Porters, Ashe,
and Louisa. Whether biotite present in more diverse series would
also be altered to about 4 per cent potash can not, of course, be
definitely stated. However, in view of the similarity of the biotite in
the A, B, and C horizons, which rej)resent very different degrees of
weathering, it would not be expected that biotite in other unrelated
soil series would bo appreciably different from the biotites that have
been studied.
It is somewhat surprising that muscovite should vary so much
more widely than biotite in degree of alteration. The marked variabihty of muscovite is evidently not due solely to the fact that the
profiles may have developed under widely different conditions.
Muscovites from différent profile samples of the same soil series,
namely, the Cecil profiles Nos. 17 and 18 from Troup County, Ga.,
and Lulu, Ga., show greater differences in potash content than the
muscovites from such dissimilar series as the Durham, Manor,
Chester, Georgeville, and Madison. Since mica is altered to about
the same extent in the A, B, and C horizons, it is evident that the
explanation for these differences between profiles is to be sought in
changes which have occurred not in the developed soil horizons,
but in the transition of the parent rock into material composing the
lower part of the C horizon.
In accounting for the difference in the extent to which muscovite
is altered in the lower C horizons, it might be suggested that the
variability in alteration is due to differences in weathering conditions obtaining in the lower C horizons of the several profiles.
This explanation, however, does not seem probable, since it is very
unlikely that conditions of weathering in the same climatic region
vary to any great extent in the zone of decomposing rock. It seems
more probable that variability in alteration la to be ascribed to

ALTERATION OF MUSCOVITE AND BIOTITE IN THE SOIL

27

inhérent diiïorenoes in the nature of the parent rock, or, more
particuhu'ly, to diderences in the nature of the niuscovite present.
It is, of coiu'se, generally recognized that there are two kinds
of niuscovite, at least so far as origin is concerned, primary muscovite and secondary niuscovite (scricite). Clarke (S), Merrill (13),
Van Hise (/6'), and others consider that secondary niuscovite is an
alteration product of the potash feldspars; hut these writers do not
state that this alteration takes place under normal conditions of
atmospheric weathering, or whether secondary muscovite differs from
primary niuscovite in readiness of alteration. However, investigations of china clays by Hickling {10), Selle {lö), and Galpin (7) indicate that secondary niuscovite may be formed in the atmospheric
weathering of granites to clays. Hickling's work goes further in
indicathig that the secondary muscovite thus formed is much more
readily altered than the i)rimary. He points out that in decomposing granite, feldspar is altered only as far as secondary muscovite.
In the further decomposition of the rock to china clay, however, the
secondary muscovite ])asses into kaolinite, while much of the primary
muscovite i)ersists without obvious alteration.
The presence in the lower C horizons of two kinds of musco^dte
differing in their rates of alteration would satisfactorily account for
the wide dilferences observed between different profiles with respect
to the potash content of the muscovite present. Those profiles in
which niuscovite has about the same potash content as the fresh
mineral would contain on this hypothesis chiefly primary muscovite,
since, according to Hickling, this form is slowly altered. Those
profiles in which the niuscovite is very low in potash would contain
chiefly secondary muscovite, which is readily altered. In the other
profiles the muscovite would be a mixture of the primary and
secondary forms.
Thus far the alteration of mica in différent horizons and different
soil profiles has been considered only from the point of view of changes
in composition of the material. Losses of mica, that is, the disappearance of micaceous-appearing particles, are also of interest in
connection with soil studies. In throwing light on the development
of soil profiles in general, losses of mica between horizons are of
particular interest. Differenc'es in the course or magnitude of
losses in difl'erent jirofiles should also be considered as a possible
characteristic of individual profiles.
Losses of mica attending the development of soil ])rofiles in general
are indicated by the percentages of mica in different horizons. It is,
of course, impossible to estimate exactly how much of the original
mica is lost in the development of the upper horizons from the parent
rock, since nothing is known regarding what quantities of other
minerals and of colloidal material may also have been lost. But the
percentages of mica in the horizons at least indicate greater losses of
mica than of other constituents. In subsequent discussion the term
"loss" is used with this implication.
The quantities of mica present in the soil horizons were estimated
petrographically. Colloidal material was removed as described in a
previous publication of this bureau (8), and the mineral portion was
divided into coarse and fine fractions to facilitate the estimation.
The quantities of niuscovite and biotite in the horizons are shown in
Table 12 as percentage of the soil material.
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12.—Percentage» of micas present from various horizons of several soil
profiles

ProOle
No.

Sonaerle«

Horizon

Depth

Quantity
of combined
muscovite and
biotite
in

PercentQuantity Quantity age of
of mus- of biotlte muscoin
covite in
vite in
total
horizon horizon
mica

horizon

1

t
3
4

A
Bi
C,
Rock....
- B,
Ci
Ci
Ci
B
Ci
Ci
A
Bi
C,

Cecil

CecU
Cecil

c,

6

Ci
A
B.
Hock....
A
B
C,

Ashe
Cecil

c,

18,
14

Chester

.

B
C
Kock....
B
Ci
CI

10

17
20

CecU

A
C,
Ci
Rock....
B,
C,
C,
Bi
Bi
Ci

Inchei
Ptr cent
Oto 4
2
14 til 48
S
72 to 1)6
8
22
96+8to24
18
72
25 to 59
60tolf>S...
59
62
169 to 240..
6 to 40
12
60 to 84....
30
84+
18
4
Oto 5
8
6to36
72 to 96
32
96 to 112...
25
112+
8
OtoO
9
6 to 30
36+
28
M to 4
3
17to22
6
72
86 to 108...
84
18010 198..
8to 15
15
60 to 72....
23
72+
13
12 to 18....
20
30 to 36....
35
45+28
0to73
51 to 73
9
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The percentages of total mica indicate considerable losses of mica
between the lowest and the uppennost horizons in most profiles.
The loss of mica is especially marked between the upper C and the
B horizons, the transition from the B to the A horizon being accompanied by little further diminution in the percentage of total mica.
In most profiles there is a progressive decrease in the percentage of
total mica from the lowest to the surface horizon; but in several
profiles, notably Nos. 3, 4, and 12, the percentage of mica increases
markedly in progressing from the lower to the upper C horizon and
decreases again in the B horizon.
An obvious explanation for this increase of mica in the upper C
horizon is that the part of the parent rock from which this horizon
developed may originally have contained more mica than the main mass
of the rock which gave rise to the other horizons. A second explanation for the apparent increase of total mica is that in this particular
horizon other minerals may have been lost so much more rapidly
than mica that the percentage of mica is thereby increased. However, calculation of the minimum losses of other minerals which would
be necessary to produce this increased percentage of mica showed
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that in several cases unreasonably lar^e losses would bo required.
For instance, in order that the percentage of total mica in profile
No. 4 be increased from 8 per cent of the C3 horizon to 32 per cent
of the C, horizon, 94 per cent of other silicate minerals and 79 per
cent of quartz would liave to Ix^ lost. Similar losses would be required
to explain the data of profile No. 3. Such losses are, of course,
uiu-easonable, and the explanation on the basis of heterogeneity
seems more probable.
It seems peculiar that increases in the quantity of mica should
occur so freciueutly in one i)art of the profile, the upper C horizon.
If the increases are due to heterogeneity of the parent rock, it might
be expected that they would occur in the B and A horizons as well.
However, if the layer of parent rock from which the A and B horizons
were formed had been especially rich in inica, it is possit)lo that this
heterogeneity might not now be manifest in these horizons because
of extensive decomposition of mica. If these irregidarities are attributed to variation in the parent rock, they are obviously not characteristic of the series profile but are merely incidental to the particular location where the profile was sampled. However, some of
the data concerning quantities of mica in the various horizons may
he taken as characteristic of series profiles.
As previously pointed out, the greater part of the mica present
in the upi)er C horizon has been lost in the development of the B
and A horizons. In i)ro(iles Nos. 12 and 14 the loss of nrica in the
transition from the C to the B horizon is much smaller. The smaller
j)rop()rtion of mica lost in profiles Nos. 12 and 14 may be attributed
to comparatively slight weathc^ring of the profile. This is borne out
by the low colloidal content of these profiles. A high proportion of
mica lost may therefore be considered characteristic of highly
weathered soils such as the Cecil.
The pro])()rtions of muscovite to biotite in horizons of the difTerent
profiles are also of interest, since these data should indicate, which of
the two micas is more resistant to decomi)osition under soil conditions.
The general view of geologists seems to be that of all minerals muscovite is one of the most resistant to weathering, whereas biotite is one
of the least resistant. I'sually no distinction is made between the
resistance of primary and secondary muscovite, although some geologists, llickling, for example, hold that secondary muscovite is more
readily decomposed than the prinuiry form. These views, however,
were not based on quantitative estimations of mica in soil profiles.
The comparative rates at which muscovite and biotite have disappeared in the different soil profiles are indicated by the data given
in the last colunm of Table 12. If the proportions of muscovite to
biotite (shown by "percentage of muscovite in total mica") in the
lower horizons are compared with the proportions in the A or B horizons, it will be seen that they are practically the same in all profiles,
except in Nos. 1 and 4. In these two profiles the quantities of both
muscovite and biotite in the A horizon are too small to be significant.
It would seem, therefore, that muscovite and biotite disappear at
about the same rate in soils.
This conclusion is based on a comparison of the upper and lower
horizons only. In six profiles—Nos. 2, 8, 12, 14, 16, and 20—the proportion of muscovite to biotite remains fairly constant throughout
the profile, which suggests that the two micas disappear at about the
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same rate in all horizons of a soil profile. There are four profiles,
however—Nos. 1, 3, 4, and 17—in which marked increases in the proportion of muscovita to biotite occurs in the upper C horizon, while
the proportion in the A and B horizons tends to revert to that in the
lower C horizon.
This variation in proportion of the two micas that has been noted
can be explained on the ground of heterogeneity of the parent rock.
If this be the true explanation, it is somewhat peculiar that the proportion of muscovite should increase alwa3's in the same position in the
profile.
A second possible explanation is that secondary muscovite may have
been formed in the upper C horizon from alteration of the potash
feldspars. The fact that pétrographie examination of profiles Nos.
3, 4, and 17 indicates large losses of feldspars between the lower and
upper C horizons is in harmony with this idea. If, as has been concluded by others, secondary muscovite may be formed in the decomposition of granitic rocks, it is not unreasonable to assume that it may
be formed to some extent as the soil profile subse(|uently develops.
The present data, however, are merely suggestive of this possibility.
In the data given in Table 12 the primary and secondary forms of
muscovite arc not distinguished. In fact, it is not certain whether
both forms or only one form is present; although as has previously
been pointed out, there are some grounds for assuming that muscovite
in profiles Nos. 12, 14, and Ifi may be chiefly primary and that in the
other profiles it may be at least partly secondary. The data indicate,
however, that whatever form of muscovite is ])resent in the profiles
disappears about as rapidly as biotite. On the whole, the loss of
muscovite and biotite between horizons seems to depend more on the
quantity than on the kind of mica present. It may well be that in
tbose profiles in which ap¡)reciable quantities of muscovite have been
lost this loss has been confined to the secondary form. In profiles
Nos. 12, 14, and 16, where the potash content indicates the presence of
primary muscovite (Table 3), a comparison of the ii¡)per and lower
horizons shows little loss of muscovite. However, neither is biotite
lost in these profiles. It thus seems from these data that at least one
form and possibly both forms of muscovite arc about as readily decomposed in the soil as biotite. Furthermore, in so far as change in
composition is concerned, it has previously been pointed out that at
least one form of muscovite is, under soil conditions, just as highly
altered as biotite.
SUMMARY
This investigation is concerned with changes that take place in
muscovite and biotite during soil development. It deals with changes
in chemical composition of the two micas, their alteration products,
and the quantities lost in the development of different soil profiles.
Inasmuch as the micaceous soils examined were all from the region of
the piedmont plateau, the results may not hold for all refrions.
A satisfactory method for isolating mica particles from soil material in quite pure c(mdition is described. The data obtained comprise complete and partial analyses of ,55 samples of mica isolated
from one or more horizons of 21 soil profiles, pétrographie estimations of the proportions of muscovite and biotite in the mica samples,
pétrographie estimations of the total quantities of mica present in
the material of 39 horizons from 11 selected profiles, and cletermina-
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tions of the potash and water content of soil mica particles differing
in size and in optical properties.
A comparison of the chemical compositions of the isolated soil
micas with those of average fresh muscovite and biotite shows that
the average soil muscovite differs from fresh muscovite in being much
lower in potash and higher in water, and that the average soil biotite
differs from fresh biotite in containing higher percentages of alumina,
silica, and water, lower percentages of magnesia, potash, and iron,
and in almost complete oxidation of iron. These differences are so
much greater than their probable errors that they are certainly not
due to chance variation in random sampling; hence they are attributed
to alteration.
All the mica particles in a given soil are not altered to the same
extent; the alteration is greater the smaller the particle and the less
distinct the interference figure.
Apparently neither in the case of muscovite nor of biotite is the
alteration a simple replacement of basic elements by hydrogen.
Evidence is presented to show that muscovite and biotite tend to be
altered to a material of the composition of kaolinite, and it is suggested that altered particles of soil mica are isomorphous mixtures
of muscovite and biotite with kaolinite. The chemical composition
of a particle would thus depend on the proportions of the two constituents present.
The mica of any one profile varies little in composition in horizons
above the lowest C horizon. Mica in the hard rock, however, may
have a quite different composition from that in the upper C or A
horizons.
The fact that the total quantities of mica in the different horizons
of a profile remain fairly constant in composition, while large losses
of mira may be taking place through alteration to clay material, is
explained in terms of the alteration hypothesis proposed. According to this hypothesis, a certain proportion of muscovite or biotite
molecules may be changed to kaolinite molecides in the lowest part
of the C horizon; this same proportion of the two constituents in
the total quantities of mica is then maintained in the upper horizons,
owing to a balance between the two changes, mica to kaolinite and
kaolinite to clay.
In all soil profiles biotite seems to be altered to about the same
extent, the potash content of the material usually approximating
4 per cent. Muscovite, on the other hand, in some profiles, may
contain less than 1 per cent KjO and in other profiles as high as 9 per
cent K2O. This variability is attributed to the possibility of two
forms of muscovite being present, primary and secondary, the
secondary form being more readily altered.
Considerable losses of mica occur in the development of most soil
profiles, the loss being especially marked between the upper C and
the lower B horizons. In some profiles, however, little loss of mica
is indicated. Differences in the loss of mica are attributed to differences in the weathering of the profiles.
Muscovite and biotite do not difl'er appreciably in the rates at
which they are decomposed in the soil, so far as can be judged from
the comparative quantities of muscovite and biotite present in
various horizons of 11 soil profiles. It is possible, however, that a
considerable part of the muscovite lost is the secondary form.
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