%

ALTERATION OF DIOCTAHEDRAL MICAS IN SOILS
il

by

Maurice Gayle Cook, B.S., M.B.

Thesis sulmitted to the Graduate Faculty of the
Virginia Polytechnie Institute
in candidacy for the degree of
DOCTOR OF PHILOSOPHY
in

Agronomy

1961
Blacksburg, Virginia



ACKNOWLEDGMENTS

The author wvishes to express his appreciation to
and
for serving on his graduate committee and for their willingness to
discuss problems that arose during the course of the investigation.
He is especially grateful to his advisor and major professor,
y for his continued interest, advice, and encouragement
throughout the study, and &lso for his close personal friendship.
It is a pleasure to acknowledge helpful discussions with
and Dear. Recognition is extended to .
and to fellow graduate students for their assistance in various
laboratory procedures. Gratitude is expressed to
for her careful typing of the manuseript. Financial assistance from
the National S8cience Foundation and the Virginia Polytechnic Institute

is gratefully acknowledged.



v.

ACKNOWLEDGEMENTS . . ¢ « ¢ o o o o s s 2
mxw . L] . L - * L ] L] L] . [ ] L L4 [ ] 12
LITERATURE REVIEW . « <« o o o o o o o o o 1k

Characteristies of Dioctahedral Micas. . . . « o 1%
Weathering of Dioctahedral Micas . . o« o o 18
Muscovite-secondary muscovite rehtiomhipa o o 19
Weathering of dioctahedral micas insoils . . . 23
laboratory investigations of mica alteration . . 26
Mechanisms of mica mthﬂring s o & o s s o 28
MATERIALS AND GEMERAL METHODS .+ + o ¢ o o o o 33
htemh . . . ] ) . . . ° . . ] . ] 33
Ceneral Methods . . . s e o 33
Initial treatment and dimrnion ot unple. o o 33
Particle size fractionation. . « « o+ + o« 3k
Removal of free Fe oxides . . . . . . . . 3“
Cation satwation of sample. « « o« o o o o 34
Cation-exchange capacity determination . . . . 35

Preparation of sample for ninenloglcal am.lysil. 35
X-ray diffraction studies . . . . 35
Determination of total Kand Ba . . . ¢« ¢ & 36
W [ . . . . . . . . . . . . L] . 37

Candler phyllite and Kason soil . . . + .« 37

Mineralogy of Candler phyllite . . ho
Weathering of Candler phyllite and onrlyl.ns lluon A
.011 L ] . [ ] L 4 L ] 2
Loudoun phyllite and llanteo soil o« . . 53
Weathering of Loudoun phymte and mrlyins
Manteo soil . . . . ¢ o o 55
laboratory weathering of Lowdoun phylnte « o e 61
Boiling treatments . . . . « + o o o 64
Molten I4MO, treatment . . . . 15

Laboratory veatﬁaring of mica from Omnge Oounty 85
Hydrochloric acid treatment. . . e o 101
Mica weathering in soil from Prince Hilliam

GO\mty. e o ® e & ® e e e e e e o 109
Other laboratory treatments. . . . . .« « « 126



vI.

VII L]

TABLE OF CONTENTS (continued)

DISCUSSION . . « o o &« o o o
Alteration of Dioctahedral Micas. .

Comparison of soil micas with museovite

Muscovite-vermieulite alteration
Muscovite~kaolinite alteration .

.

.
.
L]
*

Effect of artificial weathering on charge rela-

tionships inmiea . . . .

Camparison of artificial weathering methods

Mechanisms of mica weathering .
Coexiastent Bodium-Potassium Mica. .

m..'..“‘.O
LITERATURE CITED « .« « « « o

[

L]

.

* @ [ 2 L

£ gGak 8BRR K

17



Table 1. Comparison of x-ray powder data of experimental
micas with published x-ray powder data for 2M muscovite .

Table 2. Contents of Na and K in Candler phyllite ( < 2/w)
‘.amimofd"th. L ] * * * [ ] ® L ] L] * L ] L]

Table 3. Contents of Na and K, as a function of depth,
0fm.011(<2/“/) L] [ . L4 L] [ L] . [} . [}

Table 4. Contents of Na and K, as & function of depth,
of Manteo soil ( < 2/w)andmdorly1ngl.ow.omphymte.

Table 5. Effect of boiling 5 N NaCl on K content, Na con-
tent, and CEC of Lowdoun phyllite (< 2.¢-) . . . . .

Teble 6. Effect of boiling 5 N MgCl, on K content, N
content, and CEC of Loudoun phylifte (< 2.¢) . . . .

Table 7. Effect of boiling 0.2 N EOAc on K content, Na
content, and CEC of Loudoun phyllite ( < 2/,) .« e o .

Table 8. Chemical composition of loudoun phyllite S <2.ec)
as affected by molten LiNO, (1:100 ratio) at e Yo

Table 9. Chemical composition of an Ontario muscovite
(2 - 0.3) as affected by molten Lo, (1:100 ratio)
Bt wc. L ] L L ] [ ] L .‘ * L] [ * L ] L ] L] L] L 4 [ ]

Table 10. Effect of boiling N HOAc on K and Ma content and
moinGlOB(S-gw)- [} [] [} . . [ . . . * [}

Table 11. Effect of boiling N Na-citrate on K and Na content
and.GCchie&OR(S-f/u). e o ¢ o e+ e e e

Table 12. Effect of boiling K Na-citrate on K content and
ac ofn“ OR(< 2/é0)0 L 4 L] L) L] L] L] L4 ] L L] .

Table 13. Effect of 10% HECl on dissolution of certain
C]mntlmdmofM&OR(S-Q/é‘). e o o o o &

Table lh. Effect of boiling N Ne-citrate on X content and
CEC of Mca OR ( 5 - 2/0) following 36-hour treatment
vith 10 HQL . . .7 . .

L] . [ ] L] L] L] [ L] L} L 4

s K

67

€ 8 ¢ & & o

8



TABLES (continued)

Table 15. Exchangeable base content and pH values for
vhole soil overlying Mica PW, as affected by depth. . . . 113

Table 16. Contents of K and Na in Mica PW and overlying
soil as a function of depth and particle size . . . . . 1llb

Table 17. Cation-exchange capacities of Mica PW and over-
lying soil as a function of depth and particle size . . . 118

Table 18. Effect of boiling N Na-citrate on K and Ne con-
unt'ammotmca"r 20-5/41/). . . ° [ [ . [ 122



FIGURES

Figure 1. Structure of muscovite, 5 (81 M'f)o (oH), .
Pyrophyllite layers vith one aluminum lugst tuad fo%t
one out of four silicons in each tetrahedral layer, linked
together by potassium ions in twelvefold coordination with

oxygen. (After Berry and Mason, 1959). .+ + + « o o

Figure 2. Smoothed x~ray diffraction trace of Candler phy-
1lite ( <100 mesh) prier to any laboratory treatment . .

Figure 3. Weathering of Candler phyllite ( < 2. ) as a
function of depth, as indicated by smoothed x-ray dif-
mction tm“. . [ ) L] [ ] [ L} L] [ ) . L] [ ] [ L ] L]

Figure 4, Effect of K-saturation and heating on Candler
phyllite ( < 2 ), as shovn by smoothed x-ray dif-
mmon tm“‘ [ ] [ ] * L ] ® [ ] [ [ ] L ] [ ] [ ) [ ] L] L ]

Figure 5. Characteristics of 50 « 20.fraction of Hason
soil at varfous depths, as shown by smoothed x-ray
diffraction traces . . + ¢+ ¢ ¢+ ¢ & o o+ e s .

Figure 6. Characteristics of 20 - 5. fraction of Mason
soll at various depths, as indicated by smoothed
X-18Yy diffraction traces . P . . . . . . s s .

Figure 7. Variation in weathering, with depth, of 5 - 3.
fraction of Nason soil, as shown by smoothed x-ray
diffraction traces of Mg-saturated and glycerol-gole-
vated sampled « .« ¢ ¢ ¢ ¢ s e s+ s & e« 6 o o

Figure 8. Mica weathering as a function of depth in the
<2 fraction of Nason soil, as indicated by smoothed
x-ray diffraction traces of Mg-saturated and glycerol-
solvated samples. e o o & e 8 s e & s o e »

Figure 9. Effect of K-saturation and heating on the<2.
fraction of Rason soil, as shown by smoothed x-ray
diffraction traces . « o ¢ ¢ o o o ¢ o ¢ o o

Figure 10. Weathering sequence as a function of depth in
the 50 - 20u«fraction of loudoun phyllite and Manteo .
80il, as denoted by smoothed x-ray diffraction traces

15

k1

43

k9

51



FIGURES (continued)

Fgure 11, Weathering sequence as a function of depth in
the 20 - 54 fraction of Loudoun phyllite and Manteo soil,
as indicated by,_ smoothed x-ray diffraction traces . . . . 57

Figure 12, Weathering sequence as a function of depth in the
5 =~ 2.« fraction of Loudoun phyllite and Manteo soil, as
shown by smoothed x-ray diffraction traces of Mg-saturated
and glycerol solvated samples. .+ . « + ¢ ¢ o o o o 58

Pigure 13. Mica veathering as a function of depth in the<%
fraction of Loudoun phyllite and Manteo soil, as indica
by smoothed x-ray diffraction traces of Mg-saturated and
mml-”lum mle‘ « e s e s & e s s s+ e « 59

Figure 14, Effect of K-saturation and heating on the < 2.
fraction of Loudoun phyllite and Manteo soil, as shown
by smoothed x-ray diffraction traces . . . « « « . o 62

Figure 15. 8Smoothed x-ray diffraction traces of Loudoun
phyllite ( < 2 cc), shoving effect of NaOH treatment and '
free Fe-oxide removal. Inset shows (060) spacing . . . . 63

Figure 16. Expansion of Loudoun phyllite ( £ 2 <) follow-
ing boiling 5 N KaCl treatment, as indicated by smoothed
X-ray diffrection traces of Mg-saturated and glycerol-
solvated mh. e o e e 8 + & e & e e e ® s » 65

Figure 17. Expansion of Loudoun phyllite ( < 2/4(/) follow-
ing boiling 5 N MgCly treatment, as indicated by smoothed
x-ray diffraction traces of Mg-saturated and glycerol-
solvated 8ampPles « .« .« .+ + o o o » » o o o o o 68

Figure 18, Effect of K-saturation and heating on Loudoun
phyllite ( < 2/0) following NaCl and MgCl, boiling treat-
ments as shown by smoothed x-ray diffraction treaces . . . 69

Figure 19. Expansion of Loudoun phyllite ( £ 2 <c) follow-
ing boiling 0.2 N HOAc treatment, as indica by smoothed
x-ray diffraction traces of Mg-saturated and glycercl-sole-
Vlted mu. [ ] [ ] [ L] . [ ] [ 3 ] L] [ ) L] [ ] [ 3 [ ] L] [ ] 73



FIGURES jcont;nued 2

Pigure 20,

Figure 21,
X-ray diffraction date . . . . .

Figure 22,
mm3 (10081 ntio) e« o o @ . . .

Figure 23. Influence of molten LilO3

solvated samples . . . . .

Figure 24. Influence of molten LiNO
pansion of an Ontario muscovite (

glycerol-solvated samples . . o

nm 25.
muscovite (2 - O.

Figure 26,
(5 - 3

Figure 27. Effect of X HOAc boiling treatment on Mieca OR
), as indicated by smoothed x-ray diffraction

(5 -

*

Iaces

.

»

Ocourrence of eristobalite, as identified by

Smoothed x-ray diffraction traces of Mica OR
), showing effect of KaOH treatment and free Fe
oxide removal. Inset shows (060) spacing

Effect of K-saturation and heating on Loudoun
phyllite ( < 2.<c) following boiling HOAc treatment, as
shown by smoothed x-ray diffraction traces

traces of Mg-saturated and glycerol-solvated samples .

Figure 28. Effect of K-saturation and heating on Mica OR
(5 - %) following HOAc boiling treatment, as shown by

x~-ray diffraction traces .

ngre 29.
as showvn by smoothed

rig\(lre 30.
5 -
by smoothed x-ray diffraction traces

L

Influence of boiling ¥ Ma-citrate on Mica OR
5 - %a/) s x-ray diffraction traces of
Mg-saturated and glycerol-solvated samples

Effect of K-saturation and heating on Mica OR
following Ma-citrate boiling treatment, as shown

.

Variation in K, Na, and CEC with reaction time
in the treatment of Loudoun phyllite (<2< with molten

(100:1 ratio) on ex~
pansion of Loudoun phyllite ( <24), as shown by smoothed
Xx-ray diffraction traces of Mg-saturated and glycerol-

(10011 ratio) on ex-
- 0.24'), as shown by
saoothed x-ray diffraction traces of Mg-saturated and

Effect of K-saturation and heating on an Ontario
) following molten LiRO. treatment,
as indicated by smoothed xe-ray diffraction

T

76

79

91

95



10

FIGURES ‘eontinuod)

Figure 31. Expansion of < 3«fraction of Mica OR as a re-
sult of boiling N Na-citrate treatment, as shown by
smoothed x-ray diffraction traces of Mg-saturated and
gl’ceml ”1““4 mle. ® ® L] L L ] L] L] * * ® .

Figure 32, Effect of XK-saturation and heating on Mica
OR( < 2.¢¢) following Na-citrate bolling treatment, as
indicated by smoothed x-ray diffreaction traces . . . .

Figure 33. Mica weathering in the clay fraction of Tatum
80il, as revealed by smoothed x-ray diffraction traces
of Mg-saturated and glycerol-solvated samples . . . .

Figure 34. Influence of hot 10% HCl treatment on expan-
sion of Mica OR(5 - 2.), as shown by smoothed x-rey aif-
fraction traces of Mg-saturated and glycerol-solvated
mh' [ ] [ ] [ 2 L[4 L ] [ ] [ ] L ] [ ] * L ] * - [ ] L) [ ] L ]

Figure 35. Effect of boliling N Ma-citrate on Mica OR
( 5 = 22) previously treated with 10% NCl, as denoted
by smoothed x-ray diffraction traces of Mg-saturated
and mml‘mnt.d- lmplel. ¢ ¢ & o e e & e o

Figure 36. Variation in veathering of 5 - 2.fraction of
soil overlying Mica PW, as shown by smoéthed x-rey dif-
fraction traces of Mg-saturated and glycerol-solvated

m.. . . . . . . . . . . ° . . . . .

Figure 37. Weathering sequence in 2 - 0.2« fraction of soil
overlying Mica PW as a function of depth, as indicated by
smoothed x-ray diffraction traces of Mg-saturated and gly-
cerol-solvated samples « . .« ¢ ¢ s ¢ e s e e .

Figure 38. Characteristics of<0.2.4raction of soil over-
lying Mica PW, as indicated by smmoothed x-ray diffrac-
tion traces of Mg-saturated and glycercl-solvated sam-
PleS ¢« ¢ o+ ¢ 6 4+ 6 e 6 & & & ¢ e o e e

Figure 39. Effect of K-saturation and heating on 2 =« 0./2«/
fraction of soil overlying Mica PW, as denoted by
smoothed xe-ray diffrection traces . . . . .+ « o+ &

Figure 40. Effect of K-saturation and heating on<0.2c<
fraction of soil overlying Mica PW, as revealed by
saoothed X-Iray diffraction traces . +« o ¢ ¢ ¢ o« o



FIGURES (continued)

Figure hl.

Smoothed x-ray diffraction traces of Mica

PW (20 - 5¢¢), showing effect of NaOH treatment and
free Fe oxide removal. Inset shows (060) spacing.

Figure 42. Expansion of Mica PW ( 20 - 5«) as & result

of boiling N Na-citrate treatment, as shown by smoothed
X=yay diffraction traces of Mg-saturated and glycerol-

solvated ‘“ph. . . . . .

Figure )'l'3n
indica

by smoothed x-ray diffraction traces.

Effect of K-saturation and heating on Mica PW
(20 - ﬁ) folloving N Na-eitrate boiling treatment, as

(Tops
of 10 A. peaks omitted due to their high intensity) .

Figure 4i, Preliminary phase diagram for the subsolidus

region of the muscovite-paragonite join (after Bugster

and Yoder, in Abelson, 1955).

.

123

i



INTRODUCTION

A comprehensive knowledge of the development of a soil is de-
pendent in part upon an understanding of the changes vhich the soil
minerals undergo from the time they are exposed to weathering as part
of the parent rock until they are transformed into fine material. Thus
far, attention of soil scientists in weathering studies of a parti-
cular soil has been directed chiefly to the aeccumulation of elay or
colloidal material at different depths and to changes in the gross chem-
ical composition of the soil material in the various horizons. Changes
in the individual mineral constituents have received little attention,
especially those changes which take place in the deeper parts of the
profile, that is, below the B horizon, usually the layer of clay accumue~
lation.

Dioctahedral micas, among vhich muscovite is an important member,
are important primary minerals found in soil parent material. They
shov great compositional variation and can form under a wide rangs of
physieal and chemieal conditions. The ubiquitous ocewrrence of these
micas makes them of considerable importance in studies of rock weather-
ing and soil formation, Despite this more common occurrenge, there is
relatively much less information on weathering and alteration of di-
octahedral micas than trioctahedral micas.

Micas are influential on the clay fraction of soils in at least
three vays. First, micas weather to clay size in relatively unaltered
form. Becond, micas are altered during the weathering processes, and
these altered forms of mica oceur in the clay fraction. Third, mieas
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may weather to ionic components, which undergo reorganization with
other fons to form kaolinite or other minerals. Perhaps of greatest
importance to soils are the alteration products accompanying the wea-
thering of dioctahedral micas. For example, many of the mica veather-
ing products exhibit a high cation exchange capacity, which is reflected
in the properties of the soil in vhich the weathered products oceur.

The property of cation exchange is of great fundamental and practical
importance in soils investigations, as well as in other fields con~
cerned with the study and use of clay materials.

This investigation is concerned with some of the changes that take
place in the dioetahedral mica group of minerals during weathering in
eertain Virginia soils. It deals with the occurrence of muscovite and
paragonite type micas in soils, with the nature of their alteration
products, and with artifical weathering studies designed to give in-

sight into the mechanisms of mica alteration in soils.
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LITERATURE REVIEW

Characteristics of Dioctahedral Micas

The basic structural unit of the micas is a layer structure come~
posed of two sheets of 8i tetrshedra between vhich is a sheet of cations
in octahedral coordination with 0" and OH™ ions. The 0™~ ion, com-
prising the apex of each tetrahedron in the 81 sheets, points toward
the center of the unit and 1is shared in octahedral coordimation with

FHr

the adjacent ocations of the central sheet. Scme of the Bi ions in
the tetrahedral layer are replaced by Al**’ ions and the resultant
charge deficiency is balanced by cations, e.g., k', Ma', outside the
sheet. These ocations occur between unit layers vhere they fit into
the holes formed by the six member 0°° rings of the tetrahedral layer.

Dioctahedral micas are those micas in vhich only two-thirds of
the possible octahedral positions are filled, primarily with A’’’ icas.
Micas in which all the octahedral positions are filled, primarily by
Mg'' and Fe’’ 1ons, are trioctahedral. Of the two types, the dloctahed-
ral type occurs more frequently and is of greater importance from the
soils standpoint. Muscovite is the most common dioectahedral mica, oec~
curring over a wide range of geological conditions. A diagrammatic
sketch of muscovite is shown in figure 1.

The fundamental features of the muscovite structure were first pre-
sented by Jackson and West (1930, 1933). Only recently have other de-
tailed analyses of muscovite been made (Radoslovich, 1960). Hendricks
and Jefferson (1939), later Levinson (1953), and others have demonstrat-

ed extensive polymorphism among the micas. Folymorphism ogcurs bee-



2 K
6O
3SI+A|

2(OH)+40

Fig. 1. Structure of muscovite, K,Al) (SigAl,;)0,,(0H),.
Pyrophyllite layers with one aluminum substituted for one
out of four silicons in each tetrahedral layer, linked
together by potassium ions in twelvefold coordination with

oxygen. (After Berry and Mason, 1959).
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cause the atamic arrangement of the fundamental unit cell has mono-
clinic symetry vhereas the surface of the unit oell has hexagonal or
pseudohexagonal symmetry. Smith and Yoder (1956), in a detailed dis-
cussion of mica polymorphism, both theoretically and experimentally,
predicted that six simple polymorphs should be observed: 1M, 2L, af,,
31, 20, and €M, For muscovite, only the 1M 2(, and 3T polymorphs
have been found definitely; the 20 and GH polymorphs have not been
found in either natural or synthetic products. Radoslovich (1959)
suggested that the reason for this lies in the ditrigonal rather than
hexagonal symmetry of the actual layer surfaces of micas. BSuch sur-
faces can fit together most readily in ways wvhich correspond to no
rotation, or to rotations which are multiples of 1200, Those poly-
morphs, which correspond to rotations between layers and are multiples
of 60° (20, &M, and 6H), should only be observed in micas showing
1little or no distortion. Yoder (1959) stated that the composition of
the mica plays the daminant role in determmining the polymorphic struce
ture. He stated that this is especially true for dioctahedral micas,
vhich enhance the departure fram the hexagonal character of the (Al, 81)
sheets due to the difference in Al-O and 81-0 bond lengths.

Closely related to muscovite is the mica, paragonite, the Na
analogue. Paragonite as & rock forming mineral occurs alwvays in small
flakes (Eugster, in Abelson, 1954). It seems to be impossible to dis-
tinguish optically these flakes from fine-grained muscovite (8challer
and Stevens, 1941), and they are therefore included in the group "white

micas."
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The validity of paragonite as a distincet mineral species has
been definitely established only in recent years (Schaller and Stevens,
1941). The viewpoint of earlier workers was expressed by McCommick
(1934), wvho concluded that "paragonite as a distinet mineral has not
been found in nature, indicating that it probably is an unstable
molecule of the miea group.” However, investigations (Eugster and
Yoder, in Abelson, 1955) into the oceurrence of paragonite in nature
revealed that in some areas this mineral is one of the major rocke
formming silicates. The enviromment in wvhich paregonite was found
varied from that of fine-grained sediments, phyllites, muscovite-
biotite gneisses, staurolite-albite schists, muscovite-garnet schists,
and kyanite-staurolite schists to that of paragonite~kyanite lenses
vithin quartz veins. Thus, it was concluded that the occurrence of
paragonite is less restricted than wvas previously assumed.

Synthetic preparations of paragonite have been helpful in the
positive identification of the mineral. Gruner (1942) synthesized
paragonite by heating u(oa)3, silicie acid, and NaCl with 0.1 ¥ HCL
solution at 400°C. for seven days in a gold-lined bomb. He believed
that paragonite is uncommon because Na™ ions are so small that they
will not £it resdily into the K7 positions of the micas. Morey and
Chen (1955) formed paragonite by hydrothermally treating albite.

Studies at the Carnegle Institution of Washington (Eugster and
Yoder, in Abelson, 1954, 1955; Yoder, 1959) indieated that the stability
field of paragonite closely resembles that of muscovite. Paragonite

polymorphs vere synthesiged that paralleled the museovite polymorphs.
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On the basis of these laboratory syntheses, it wvas concluded that the
two micas should ocour simultaneocusly, provided the chemical composi-
tion requirements for Na and K were met. Investigation of many fine-
grained schists by x-ray methods revealed that muscovite and paragonite
almost always occur simultaneously. Most specimens labeled paragonite
are mixtures of muscovite and paragonite, a conclusion reached follow-
ing analysis of some 100 lovegrede metamorphic schists containing white
mica (Bugster, in Abelson, 1954). Only two specimens of pure para-
gonite were obtainable by the author. These samples were from Italy
and Switzerland, and were supplied through the courtesy of the U.8,
National Musewum.

Weathering of Dioctahedra) Wjcas

Vievs regarding weathering of micas appear to be founded chiefly
on examinations of decamposing rocks and alteration of mica in de-
posits. The synthesis and decomposition of mieca under laboratory cone
ditions has attracted considersble interest in recent years. Compars-
tively few investigations deal directly vith the veathering of mica in
soil. Although it is not to be expected, of course, that the weather-
ing of mica in soil is necessarily ecmparable in nature or extent to
that operating under other conditions, one may reasonably infer that
the alterations wvhich take place in mica under either maturel or arti-
ficial conditions are indicative of what may be expected to take place
in the soil.
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us: te onshi
Considerable difference of opinion exists as to the alterabil-
ity of the dicctahedral mica muscovite. Muscovite is one of the most
stable minerals in weathering, even though it is believed by some to
weather to clay minerals.
The general opinion maintained for many years regarding musco-
vite alteration was expressed by Clarke (1924):
Muscovite, under ordinary conditions, is one of the least alter-
able of minerals. The feldspar of a granite may be completely kao-

linized, vhile the embedded plates of mica retain their brilliancy
almost unchanged.

Thoulet (1913) listed museovite among those minerals most indestrue-
tible in his “order of destruction.” Goldich (1938) proposed a
"mineral stability series" in vhich muscovite was the most resistant

of the aluminosilicates to decamposition. Pettijohn (1941) noted that
muscovite was reported more commonly from older rocks than from younger
ones, and on the basis of a "persistence index” rated muscovite as one
of the most persistent. Muscovite was considered exceptionally stable
also on the basis of a "weathering potential index" devised by Reiche
(1945). This extreme stability of muscovite vas questioned by Denison,
Pry, and Gile (1929), who observed that muscovite and biotite did not
differ appreciably in their rates of decomposition. The position was
then taken that, insofar as origin is concerned, two kinds of muscovite
vere being recognized: primary muscovite and secondary muscovite.
Clarke (1924), Merrill (1906), Van Hise (1904), and others considered
secondary muscovite to be an alteration product of the potash feldspars.
But these writers did not state that this alteration takes place under
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normal conditions of weathering, or vhether secondary muscovite dif.
fers from primary muscovite in readiness of alteration. Investigations
of china clays by Hiokling (1908) and Galpin (1912) indicated that se-
condary muscovite may be formed in the atmospheric weathering of
granites to clays. Hickling's work went farther in suggesting that the
secondary muscovite thus formed is much more readily altered than the
primary. He pointed out that in decomposing granite, feldspar is ale
tered only to secondary muscovite. In the further decomposition of
the rock to china clay, hovever, he noted that secondary muscovite
passes into kaolinite, while much of the primary mica persists without
obvious alteration. Of course, china clays differ widely from soils in
their nature and perhaps in their origin. Consequently, such trans-
formations can be assumed to hold for soils only as they are borne out
by investigations of mineral alterstion under soil conditions.

Ross and Kerr (1931) examined, chemieally, materials like those
described by Hickling as secondary mica, as well as those described
as sericite by Stelle (1907), and concluded that they were not micas,
but similar to kaolinite in eamposition except for the lower wvater cone
tent. X-ray studies of the same materials by Ross and Xerr indicated
that the secondary mica had a kaolinitic structure, suggesting that the
feldspar weathered directly to kaolinite without an intermediate stage
of mica.

The nomenclature of secondary muscovites is somevhat confounded
by the plethora of names used to describe the materials. Sericite is
perhaps the most common field term used to describe fine-grained miea.
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Winchell (1951) defined sericite as "a fine scaly or fibrous kind of
muscovite, confined to vhite mica that is secondary.” Other names
ascribed to secondary muscovites include illite, sarospatakite, potash
bentonite, pinite, mariposite, hydromica, and glimmerton. The charace
teristic features of all secondary muscovites are a decrease in K con-
tent and an increase in wvater, or H3O +, content compared to primary
muscovite.

Mackenzie (1955) showed a relationship among the various secon-
dary muscovites in the following scheme:
INCREABING EYDRATION AMD DECREASING K™ CONTENT

v

Series I (after Grim, Bradley, and Brown, 1951)
Mica intermediate
/

Muscovi te---Eydromuscovite---Illite-=-Al-1111dromica

\B‘mvauite
Sarospatakite
¢ Hydrous Mica -
‘Series II (after Mackenzie, 1955)
it :;’,ﬂuca interzediate
l(useovite-’;:--Hﬁmmcoﬂu¢5~?lﬁ;<£:-u-Mnnttiu
RN e e - =~ TN Mica-smectite interstratified
minerals
. Hydrous Mica >

The term "illite” was first used by Grim, Bray, and Bradley (1937) to
describe any clay mica, but Mackenzie's scheme restricts it to include
micas having approximstely 6-8% X,0. "Hydromuscovite" was used by Bram-
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mall, Leech, and Bannister (1937) to deserive a mica with only a small
amount of K' replaced by 330*, while Andreatta (1949) applied the term
Al-illidromica® to dioctahedral minerals with large amounts of K’ re-
placed by n3o*. "Bravaisite” and "sarospatakite” were proposed to de-
seribe those minerals which contain layers of the mica type and layers
of the smectite (montmorillonite) type interstratified. The temm
"hydrous mica” is brosd in significance and was used to include all
members between the ends of the arrows in the scheme.

In an excellent review of synthetic and natural muscovites,

Yoder and Eugster (1955) concluded that many of the mineral names for
secondary muscovites were unnecessary, that most of the minerals vere
straightforwvard varieties of muscovite with only minor variations in
composition. They did make an important distinction between illite and
hydromica. Illite wvas considered a field term only (as originally inten-
ded by Orim) and should not be used when the muscovite polymorph can be
identified and speeified. In contrast, hydromica denoted a particular
type of substitution in the mica as inferred by Ganguly (1951), and by
Brown and Norrish (1951). These workers independently proposed that
H,0", the hylronium ion, vhich hes & radius epproxiuately that of )
substitutes for K™,

Due to the similarity in structures of muscovite and paragonite,
one would expect hydration and subsequent alteration of the two micas
to proceed similarly. The amount of published information on 'secondary
paragonite! is meager compared to the amount available on muscovites,
however. Bannister (1943) reported the occurrence of a Na-containing
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mica and proposed the name "brammallite.” In a recent paper by Exdelyi,
Koblencz, and Tolnay (1958), the term "hydroparagonite” was intro-
duced as the Na analogue to hydromuscovite. They also classified the
mineral described under the name "brammallite” by Bannister as hydro-
paragonite and not as sodium-illite. Hydroparagonite has been recog-
nized officially as a mineral species by the European mineralogist
8trunz (1957) (Dr. J. Brd€lyl, personal communication).

Weathering of dioctahedral micas in soils
The fev studies with emphasis on alteration of muscovite micas

in soils have approached the problem primarily from the standpoint of
veathering sequences. Fieldes and Swindale (1954) suggested that most
80il micas of the muscovite type are likely to be less stable than mus-
covite itself due to varying degrees of substitution in the micas found
in soil parent material. They visualized three important steps in the
veathering of mica in soils:

a) Mica--Unveathered primary miea, including muscovite, with
basal spacing of approximately 10 Al.

b) Illite-The first order basal spacing is still 10 A., but hy-
droxyl has increased and K decreased with increase in exchange
capacity.

¢) Clay-vermiculite--These minerals expand, which differentiates
them from mica and illite, essentially non-expanding minerals.

1 The letter 'A' will be used to represent the symbol of the Ang-
strom unit, A.
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At early weathering stages in vhich H' ions are dominant,
clay-vermiculite can be a stable phase of expanded micaceous
clay.

Walker (1950) noted a stepwise breakdown of the trioctahedral
mica, biotite, to trioctahedral vermiculite, but no emparnble altera-
tion seemed to occur with dioctahedral mica. Earlier, Walker (1949)
had observed that the final product of weathering for both muscovite
and biotite was kaolinite and thus predicted similar weathering of the
tvo types of minerals.

Other vorkers, howvever, have observed mmerous occurrences of
materials vith a vermiculitic nature vhich have weathered from muscovite.
Accordingly, these materials have been grouped under the name ‘diocta-
hedral vermiculite.! Brown (1953) identified a mineral found in soil
clays from northwest England as a dioctahedral analogue of vermiculite,
vhich seemed to be derived from a diogtahedral mica. Other oceurrences
of dioctahedral vermiculite have been noted in the Shenandosh Valley
of Virginia (Estbaway, 1955), in the Piedmont of Virginia (Rich, 195h,
1958; Rich and Obenshain, 1955), and in several hundred soil samples
of the southeastern United Btates (Rich, unpublished data). In all of
these stulies, the origin of the dioctahedral chareeter of vermiculite
vas attributed to dioctahedral mies. Jackson (1959) indicated that the
dioctahedral type of vermiculite is more common in soil e¢lays than the
trioctahedral type.

In a study of residual kaolins in the southern Appalachian reg-
ion, 8and (1956) pointed out that mica formed by weathering of feldspar
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altered to vermicular kaolinite. No evidence was obtained that suge
gested vermiculite as an intermediate stage in the mica to kaolinite
transition.

The formation of secondary chlorite from mica during weather-
ing was cited by Jeffries, Rolfe, and Xunze (1953) in the following
sequence:

Mica---mica intermediate---chlorite intermediate---chlorite---kaolin
Secondary chlorite refers to the chlorite formed by interlayering mica
with positively charged Al, e, and/or Mg hydroxides. The Ale
hydroxy interlayer is thought to be the most common type in acid soil
clays. Chlorite-vermiculite intergradational material formed from
mica wvas found in a Gray-Brown Podzolic soil of Indiana (Klages and
White, 1957). A similar end product of mica weathering in Pernsylvania
soils vas listed by Johnson and Jeffries (1957). In a study of three
mica~containing soils of Mew York, Rolfe and Jeffries (1953) placed
chlorite as the initial stage of the weathering sequence rather than
the end point. It seems likely that the stability of apparently simi-
lar chlorite-like minerals in soils may differ consideradbly.

The alteration of dioctahedral mica t0 montmorillonitic minerals
has been observed only rarely. Thorp, Cady, and Gamble (1959) pictured
the following sequence in the Miami soil:

Droste and Tharin (1958) observed a mixed layer illite<montmorillonite
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mineral formed from well-crystallised illite. Murray and Leininger
(1956) attributed the greater abundance of montmorillonite in loess
than till to greater amounts of finer miea particles in loess. 8tudies
by Weaver (1958) on an Ordivician shale indiecated that montmorillonite

18 derived from muscovite.

Labo: 8 tions of mi terati

Artificial weathering of muscovite micas in the laboratory has
given promising results tovard understanding the mechanisms involved
in alteration. The high stability of muscovite is illustrated by the
vork of Btarik and Litvina (1958), who leached museovite with hot con-
centrated HC1 for 15 hours without removing any K. Dedumbrum (1959)
noted that digestion of fresh mica proceeded only very slowly vhen
treated with hydrofluoric acid. No doubt the mmber of laboratory
investigations conducted on muscovite is small due to its high resis-
tance to alteration.

Warshav (1960) treated natural and synthetic illites hydrothemme
ally at tesmperatures above 250°C. and at pressures sbove 10,000 1b./inZ,
A sample of Fithian illite was converted partially to vermiculite at
temperatures below 400°C., and then to miea plus chlorite from koo to
550°C, It was concluded that differences in properties between illites
and vell-crystallized micas are a funetion of eomposition as well as of
the temperature of formation.

Howvever, less drastic methods have been employed with success in
altering micaceous minerals. By means of an artificial leaching tech-
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nique, Dekeyser et al.(1958) found that micas exhibit mechanical
exfoliation in water at 100°C. and undergo chemical decomposition
in water, charged vith COp or E 8, at room temperature. Muscovite
was more stable than biotite in all cases.

Gaines and Rutkowski (1957) treated muscovite with 0.1 N HC1
and 0.1 N KC1 and measured the amounts of Al and 81 extracted.

They concluded that acids atﬁ& the octahedral layer most readily,
vhereas basic solutions attack primarily the tetrahedral layers.

In studies of the reaction of molten Lim3 with a muscovite,
White (1956) found that 1i replaced a large portion of the inter-
layer X. He also found that a portion of the Li was not exchange-
able. The nonexchangeable Li? 1ions apparently migrated into the
vacant octahedreal positions. When Ba-saturated and glycerol-solvated,
the treated material gave an (0Ol) spacing of 17.8 A, the basal spac-
ing for glycerol-solvated montmorillonite.

The precipitation of K from micas with sodium tetraphenyl-
boron (MePhyB) has attracted attention in recent years. Howvever, its
efficiency as a replacing agent is questionable. After long periods
of repeated extractions, DeMumbrum (1959) was not able to reduce the
K level of muscovite below 6.T% K;0. Scott, Hunziker, and Hanvay
(1960) removed all the K in vermiculite and LT¥ of the K in illite,
but only 12% of the K in muscovite. Later work by Scott and Reed
(1960) suggested more complete removal of K from micaceous minerals
vith boiling NaFh, B solutions, but no date were presented as to the

amount of K removed from muscovite micas.



28

The muscovite structure may also be broken down by grinding
at room temperature. The effect of grinding has been studied pre-
viously in detail by Mackenzie and Milne (1953). They concluded that
the muscovite structure is nearly destroyed in eight to nine hours of
grinding in an agate mortar, and that recrystallization then takes
place with the growth of hydrous mica (illite). Their conclusions
vere questioned by Yoder and Eugster (1955), who attributed the re-
sults to incomplete grinding, and not to resynthesis upon grinding.

Grim and Bradley (1948) heated 1llite at 600°C. and 800°C. for
one hour each, and allowed the material to remain in the atmosphere
for varying periods of time. The DTA curves of the materials left
standing indicated to them that the dehydrated illite had absorbed
wvater and OH” ions. Their interpretation tends to support the con-
elusion of Mackenzie and Milne (1953) that illite was formed from
grinding of muscovite, since their grinding product had similar water
sorption characteristics. However, no DTA curves were made of the
materials immediately after heating and it is likely that all the water
had not been driven out by heating for only one hour. Roy (1949) in-
dicated that less than 20% of the OH  content of muscovite is re-
moved by heating at 600°C. for one hour.

Mechanisus of mica mthe&ng

Explanation of the chemistry of veathering muscovite mica de-
yond secondary mica have not always been satisfactory. HNevertheless,
several constructive efforts have been made to elucidate the weather-

ing process, and a brief sumary of the conclusions reached from these



efforts seems worthwhile. ‘
Fieldes and Swindale (1954) proposed several hypotheses regard-
ing micaceous weathering:

1) Hydrogen ions are required to remove interlayer K from mica
to form illite and expanding micas. High pH favors accumule-
tion of vermiculite.

2) Wnen both H* and Ca** 1ons are in appreciable concentra-
tion, the H' ifon 1s effective in making interlayer surfaces
accessible to Ca'’ vhich, in turn, assists the develoment
of a fully expanded montmorillonite. Under these conditions
the we;t;._hcring oequ;n::e is: att
MicarecaseeIlliteenrmeeVermiculite~===a~dontmorillonite

3) Under acid leaching, the high concentration of H' ion accele-
rates weathering of mica to clay-vermiculite but wvith low con-
centration of alkaline earth cations, montmorillonite is
slov to form.

4k) Continued weathering under acid conditions is capeble of de-
greding either vermiculite or montmorillonite to kaolin.

Jackson et al. (1952) interpreted their observations as an indi-

cation that micas weather along a given K plane (sese figure 1) faster
than the initiation of weathering of another such plane. They pro-
posed four chemical weathering reactions which effect weathering of
micas: 1) Depotassication; 2) Hydroxylation; 3) Dealumination;

4) Desilication. Depotassication simply means the release of K ion

from between mica crystal layers by H,0 and other cations. Hydro-
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xylation is the association of H' ion with the apical O , which is
shared mutually by tetrahedral and octahedral layers, thus render-
ing the ' 1on "nonexchangeable.” Dealumination is, in effect, the
substitution of 81 for Al in the tetrahedral layer. This reaction
wvould generally be in acid solution and the Al would appear as an
exchangeable cation or some hydrolyzed form. Desilication refers
to the chemical weathering process of 81 removal, with particular
reference to its removal from three-layer silicates to form kmoli-
nite and gibbsite.

Most of the work to date has pictured the mica alteration
mechanism as ion exchange primarily. Gardiner and Shorey (1917)
found that muscovite liberated K upon soaking in (MH, ), 80, solu-
tions at room temperature. Kelley and Jenny (1936) found that the
amount of ion exchange depended on the fineness to vhich the sample
had been ground, and suggested that the K' ions on cleavage planes
vere exchanged for cations in solution. Jackson and Truog (1939)
vere able to liberate K from a muscovite n,ple by soaking it in
NH,OAc solution after wet grinding for three days. Schachtschabel
(1940), using ground muscovite, found that equilibrium was reached
slovly, and suggested that ions from solution could slowly pene-
trate the K planes wvithin the mica particles and induce ion ex-
change inside as well as on the external surfaces of the particles.
Garrels and Howard (1959) viewed the loss of K as occwring through
straightforward Bt K" exchange. An tmportant substitution may be

that of hydronius, H30', for K (Brovn and Norrish, 1951), vhich has
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been mentioned earlier.

Whether exchange is limited to externmal surfaces or can take
place with "internal" X' 1ons as suggested by Schachtschabel has not
yet been clearly decided. Barshad (1950) measured the c-axis spac-
ing in muscovite particles of 5-50« and less than 0.5/40 sizes, and
found no change vhether the sample was dry, saturated with water, or
saturated with glycerol. But paragonite, which contains Ma' instead
of K" as the interlayer caticn, shoved a c-axis expansion in water.
Perkins (1949) also stated that no tendency to swell was observed
with his ground mica samples. Gaines (1957) noted little or no
penetration of cleavage planes by neutral agqueous salt solutions
after treatment for several days. Ion exchange of surface ions
occurred rapidly, ususlly in & few minutes.

Mortland (1958) suggested that the rate of K release from
micas is a diffusion controlled process. Walker (1959) indicated
that the movement of divalent ions in vemmiculite is diffusion con-
trolled. If the rate of appearance of available K is governed by
dirfusion, then the mechanism of X removal from mica is more de-~
pendent on factors affecting diffusion processes than those affect-
ing the law of mass action. Such factors would include type of
diffusion, geometry of the diffusion zones, diffusion coefficients,
and relative concentration of ions in the weathering solution.

It 18 believed by some that a mechanism other than ion ex-
change is needed to account for the differences between dioctahsdral
and trioctahedral micas in susceptibility to alteration. Bassett
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(1960) suggested hydroxyl orientation as a factor influencing mica
alteration. Using infrared absorption techniques on both diocta-
hedral and trioctahedral mica apecimens, he concluded that in the
phlogopite structure (trioctahedral) the OH™ ion is oriented per-
pendicular to the cleavage plane, thus placing the H' end, or the
proton, in juxtaposition with the K¥ ion. In the muscovite struc-
ture (dioctahedral), the OH™ ion is inclined to the plane of
cleavage, thus placing the proton farther from the K'ion and the
negative or O" end of the dipole closer to the K'ion. This dif-
ference in the environment of the X' ions is postulated to account

for the fact that most trioctahedral micas alter by ion exchange,

vhereas the dioctahedral micas do not, at least in the initial stages

of weathering.
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MATERIALS AND GENERAL METEODS

Materials--In a study of this kind, monomineralic specimens are pre-
ferred since many difficulties arise when trying to evaluate a single
mineral component in a multicomponent mixture. Therefore, an attempt
wvas made to obtain fresh dioctahedral mica specimens wvhich had not
undergone weathering to any appreciable extent so that the weathering
products formed could be attributed to the mica component only. How-
ever, it was soon observed that the influence of atmospheric weather-
ing reaches great depths and it is practically impossible to obtain
samples of unweathered mica using conventional sampling means. Never-
theless, reasonably fresh mica samples were obtained from several ex-
posures in the Virginia Piedmont. 7Two of the samples collected were
phyllites. One sample was taken from a railway exposure near Lynch-
burg in Campbell County, the other from a roadbank near Orange in
Orange County. Two other samples studied were soil micas taken from
soil parent material in Orange County and Prince William County. Soils
above the mica-containing rock also were sampled in order to obtain a
continuous weathering sequence from the fresh material to the soil su»
face. Further description of the materials sampled will be given
under 'Results' in connection with the experimental data associated

with each sample.

General Methods

Initial treatment and dispersion of sample--The massive mica samples
vere first lightly ground in an agate mortar, then were further broken
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dowvn with alternate manual grinding and mixing in a Waring blendor.
Grinding was kept to a minimum in an effort to avoid breakdown or
alteration of the original mica structure. B8oil samples were pulver-
ized to pass & 2 mm. sieve prior to dispersion and fractionation.

Dispersion was accomplished using EH)OH or Ba,CO, to adjust the dis-

persant to pH 10. Ammonium hydroxide was used 1: those cases where

Na analyses were critical and it was desired to keep the samples free
of extraneous Na.

Particle size fraetionation--The samples were fractionated into the
following particle size ranges: 50 - 20, 20 - 344 5 -9;(/,<2/w,
and in certain cases,< 0.24. The >24«size ranges vere separated by
sedimentation methods, following essentially the procedure outlined

by Jackson (1956). The <24 fraction was separated by centrifugation
using an International No. 2 centrifuge. Sedimentation and centri-
fugation times were determmined from the nomographs of Tanner and Jack-
son (1947).

Removal of free Fe oxides--Free Fe oxides were removed from samples con-
taining appreciable amounts by the method of Aguilera and Jackson (1953).
Cation saturation of sample--Following free Fe removal, each sample was
Ca-saturated by washing it 5 times with N CaCl, solution: Washing vas
accomplished by mixing the CaCly solution thoroughly with the ssmple
and centrifuging the resultant suspension. Excess salts were then re-
moved with one wash of Hy0 followed by 100% methanol washes until the
supernatant liquid vas C1~ free as indicated by no precipitation when

a few drops of @ 0.5 N Agno3 solution vere added:. The Ca-saturated
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samples vere dried in a vacuum desiccator and stored in closed vials
for further study.

Cation-exchange capacity determination--The method proposed by Rich
(1961) was employed, in which 20 mg. of Ca-saturated sample was trans-
ferred to a 15 ml. centrifuge tube, 5 ml. N MgOAc added, and the tube
stoppered and shaken on a mechanical shaker for 18 hours. The suspen-
sion was centrifuged and the supernatant extract was analyzed im-
mediately for Ca vith the flame photometer. Results are reported on
an oven-dry (110°C.) sample basis.

Pre tion of le for mineralo analysis--When feasible, the
sample used in the determination of CEC was also used for x-ray dif-
fraction analysis. The Mg-saturated sample was transferred to a small
centrifuge tube, 1 ml. of 10% glycerol solution (in water) was mixed
vell with the clay, and the suspension centrifuged. Excess glycerol
wvas allowed to drain thoroughly, then the sample was dispersed wvell
with 1 ml. of Hy0 and poured on a glass slide to dry. 8lides of K-
saturated samples vere prepared by suspending approximately 25 mg. of
sample in H,0 and allowing the suspension to dry on glass slides. In
some cases, a 'spatulation’ technique was employed usefully. In this
technique, the sample 1is transferred to a slide and spresd into a thin
layer with a spatula. 7This method tended to give better orientation of
the (001)spacings.

X-ray diffraction stulies--X-ray diffraction patterns were obtained
with a General Electric XRD-3 instrument using Ni-filtered Cu radia-

tion. The radiation was generated at 35 KV and 23 ma. The slits
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used were 0.4°, MR, and 0.2° for the beam, Soller, and detector
slits, respectively, except for a few instances vhere the HR Boller
slit was required. Intensities were recorded logaritimically.

The (060) reflections vere measured using an orientation tech-
nique devised by Rich (1957). The sample was preheated at 550°C. to
destroy kaolinite, which has a reflection at 1.49 A., and may inter-
fere with the (060) for muscovite at 1.50 A.

Determination of total K and Na--Total K and Na analyses were made
according to the semimicrochemical method of Corey and Jackson (1953),
in which K and Na are determined by flame photometry following HF
decomposition. Percentages of K and Na are reported on the basis of
a sample dried at 110°C. for at least b hours.



37

RESULTS

One of the primary interests of this investigation was the
relationship between weathering of mica and changes in the CEC, The
interpretation and discussion of results will be emphasized from this
standpoint.

During the course of the investigation, however, other interest-
ing observations were made that deserve attention. One significant
finding was the occurrence of paragonite in certain soils and parent
materials. Results pertinent to this finding will be reported first.
Data on the natural veathering of paragonite-muscovite micas will be
folloved by results of artifiecial weathering studies, with emphasis
on loss of K and Na, increase in CEC, and expansion properties.

It was pointed out in the literature review that muscovite can
exhibit several polymorphic forms. Thus it was desirable to establish
the particular mica polymorph encountered in this investigation.
Randomly oriented powder samples were used to obtain the (hkl) spac-
ings of the experimental micas. A comparison of the results with
calculated spacings for 2M muscovite and a natural 20 muscovite 1is
given in table 1. The 4 spacings which distinguish the 2 polymorph
from the 1M and 3T polymorphs are indicated by an asterisk(*). All
the micas possessed the @M structure primarily, vhich was expected
since Yoder and Eugster (1955) and others have demonstrated that the
2M polymorph is the most cammon one, especially in sedimentary rocks.

Candler phyllite and Nason soil--Semples of phyllite were collected

from an exposure on the Norfolk and Western Railwvay located approxie-



TABIE 1. Comperison of x-ray powder data of experimental micas with published

X=Y8 r data for 2M muscovite.
Calculated d ural oM

Rat =]
h & Yoder, 1956)

Candler Loudoun Mica Mica

(Jackson & West, 1933) (Smit , 1956 phyllite  phyllite OR ol
L'
9.96 A. 10.04 A, 10.1 A, 10,1 A. 10.1 A. 10.1 A,
** 7.19
h.98 5.02 5,00 5.00 5.00 5.00
Hrnhy 8Y Wy, 90
*h‘osl ho“’a - ho” h052 -
h’ow ho% u.he - - -a
*4 Lo 4,39 - - - 4,43
#4295 k.30 4.30 4,30 k.30 4,30
hcll? ""oll h.OB lhll - k.OB
#3,965 3.97 3.94 3495 - --
3.865 3.89 .- .- - -
#3.735 3Tk 3.73 3473 3.76 -
##3,58
#3,480 3450 - 3450 3.50 -
3:340 3435 3432 3434 3.34 3.33
#3200 305
#3,200 3.21 - 3420 3.21 3.20
2.987 3400 2.97 2.95 - 2.99

Continued on next page



TABLE 1 (Continued)

ted 3 “Natwal M Sndler  Lowdoun Wca Mo
(Jackson & West, 1933) (Smith & Yoder, 1956) phyllite  phyllite OR PW
2.%2 2087 203, 2089 2.@ 2.%
'20.785 20& 2.81 2077 20& 2-79
2.592 2.59 2.60 2.60 2.60 2.60
2.580 2.580 - - - 2.58
2.562 2.56 2.56 2.55 hadend -
#2490 2,51 2.hg2 2.k90 2.510 2.499
2,458 2.458 - 2.453 - 2.459
2.4 2.446 - - - -
#0213
*2.387 203% - 203% 2."08 2-3%
2.3& 203& - L - -
2‘& 2-2"7 20279 26261 202“7 -n
2.142 2,149 - 2.149 2.149 .-
#2,136 2,132 2.135 2.135 2,135 2.135
2,002 2.010 1.995 1.996 2.012 2.000
] 935 #4951
1.660 1.670 1,672 1.6T1 1.67Th  1.668
- 1.500 1.499 1.495  1.k95 1.508  1.517

¥Characteristic 2M refleections

#Chlorite basal spacings
*¥Paragonite basal spacings

6¢
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mately one mile east of Lynchburg at the U.8. Highway 460 overpass.
An excellent vertical exposure more than 50 feet deep occurs at this
location. BSemples were taken at 10, 20, 30, and 50 foot depths along
a given plane of bedding, which dips from vertical to approximately
65° BW. The depths of sampling were chosen on the basis of color
differences in the phyllite, which changes from blue-gray at 50 feet
to gray-brown near the surface. The phyllite was also highly fissile
and lustrous.

The material sampled is commonly called Wissahickon schist, a
name introduced by Jonas (1927), who correlated rocks of this area
wvith rocks of the Wissahickon formation in Pennsylvania. The geologic
formation at the site sampled has been more specifically identified by
Brown (1958) as the Candler formation, the oldest and widespread for-
mation of the Evington group. According to Brown, the Candler forma-
tion is continuously exposed from Patrick County at the North Caroclina
line northeastward into northern Orange County where it passes beneath
Triassic beds. This sample will be referred to as Candler phyllite
throughout this thesis,

The soil above the phyllite was sampled by genetiec horizon to a
depth of 34 inches. It wvas classified as a member of the Meson series
grading toward the Manteo series.

MWineralogy of Candler phyllite--The mineralogical character of Candler
phyllite, :as indicated by x-ray diffraction, is shown in figure 2.
The x-ray pattern was obtained from a rav sample of Candler phyllite
ground to pass a 100-mesh sieve. Particularly significant was the
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Fig. 2. Smoothed x-ray diffraction trace of Candler phyllite( < 100 mesh) prior to any
laboratory treatment.
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occurrence of paragonite (9.60 A.) in association with muscovite
(10.0 A.). Paragonite is believed to be a rather rare mineral species,
Judging from the small number of published findings of it. Chlorite
(1k.4 A.) and xsolinite (7.2 A.) vere other minerals present in sig-
nificant smounts. Chlorite is distinguishable by the sharp peaks of
the 14.4 A, spacing and the higher order spacings vhich are sub-
multiples of 14.4 A. Kaolinite was distinguished from chlorite by
expanding the kamolinite to 14.0 A., using the XOAc method of Andrew,
Jackson, and Wada (1960). The 1k.0 A. peak of expanded kaolinite and
the 14,k A. peak of chlorite produced a doublet, which permitted the
recognition of the two minerals.

Weathering of Candler phyllite and overlying Nason soil--The mineral
assemblage of the least weathered material was similar to that of the

100-mesh material. The only significant change with depth in the
mineralogical content of the phyllite was the loss of chlorite and

formation of vermiculite, as shown in figure 3. The weathering of
miea is indicated by the decreased peak intensities. A first order
spacing of 9.70 - 9.80 A. was obtained for paragonite, which normally
has a 9.60 A. spacing. Random interstratification of muscovite and
paragonite probably accounts for the higher spacing obtained in this
sample, because the higher order spacings are regular sub-multiples
of 10.0 A. and 9.60 A., respectively. The higher order peaks also
are distinctly scparate and thus afford an excellent means of identi-
fication. Attempts to separate the micas by means of heavy liquid
separation vere unsuccessful. It was concluded thatthe paragonite

and muscovite occurred as an intimate mixture of very small crystals
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Fig.3, Weathering of Candler phyllite(<:2/u) as a function of depth,
as indicated by smoothed x-ray diffraction traces of Mg-saturated
end glycerol-solvated samples.



of the two minerals.

The weathering of Ne-mica compared to K-mica is indicated by
the Ma and K analyses, and the Na/K molar ratio, given in table 2.

A Na/K ratio of unity indicates that Ne and K are removed in equal
amounts on & molar (or equivalent) basis. A Ne/XK retio greater than
one vould indicate greaster loss of K, wheress a Na/K ratio less than
one wuld indicate greater loss of Na. The relatively constant ratioc
near one suggests that Na/mica and K-mice weather similarly. FPurther-
more, it lends support to the belief that the micas are interstratified
and removal of one layer may leave the adjacent layers more susceptible
to wveathering.

As weathering intensity increased, the chlorite disappeared
vhile vermiculite and quartz remained quite pronounced. The origin
of vermiculite is attributed to the mica component rather than to
chlorite, as might be suspected. The fact that vermiculite continued
to increase as the surface was approached, whereas chlorite had disap-
peared vithin the 30-50 foot depth, makes it seem unlikely that chlo-
rite vas the source material for the vermiculite. The distinction of
chlorite fram vermiculite is indicated by the sharp-peaked regular
orders for chlorite in the Mg-saturated specimen and confirmed by the
persistence of the lh.k A. spacing .upon K saturation and heating at
550°C. (figure 4). The latter test also distinguishes the second-
oxrder reflection of chlorite from kaolinite, vhich is destroyed upon
heating at 550°C. The larger 4.26 A. peak of the surface sample most
likely is due to a greater proportion of quartz relative to other
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TABLE 2. Contents of Na and K in Candler phyllite

(< as a .
g:h’ % s me./100g. A . ?'_

] 1.55 6T.k  2.75 T0.4 138 0.95
10 1.65 T 2.85 73.0 145 0.98
20 1.70 73.8  3.05 78.1 152 0.95
30 2.30 100.0  3.80 97.3 197 1.03

50 2,55 .0 hos  10k.0 215 1.07
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Fig. k. Effect of K-saturation and heating on Candler phyllite(< 2 /u),
as shown by amoothed x-ray diffraction traces.
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minerals, vhich have weathered more.

As the surface wvas approached, the stability of the 10-1h A.
material increased, as indicated by its resistance to collapse upom K
saturation and heat treatment (figure 4). BSuch effeets have been
attributed to interlayers composed principally of hydroxy-Al groups
(Rich and Obensbain, 1955).

The occurrence of kaclinite at the 50-foot depth suggests that
kaolinite is one of the first alteration products of mica. Apparently
the transition takes place relatively early in weathering because it
vas impossible to obtain mica samples free from kaolinite even at the
50-foot depth. This idea is supported by the work of Sand (1956), who
observed kaolinite in fresh mica deposits and concluded that kaolin
minerals are formed direetly from muscovite.

Weathering sequences according to particle size and depth in the
Kason scil are shown in figures 5, 6, 7, and 8. Quartz was more abun-
dant in the coarse fraction but mica was more abundant in the finer
fractions. The clay ( < 2 ) fraction contained appreciable amounts
of vermiculite vhich contracted with difficulty, as shown in figure 9.
The material vas affected little by K saturation but collapsed on heat
treatment at 5500C. Glycerol did not expand the mineral beyond 1lk.k A,
The peak at approximately 25 A. wvas probably due to regular interstrati-
fieation of alternate mica and vermiculite layers. Potassium satura-
tion and heating collapsed this component also.

The changes in mica as affected by depth were small. The only
noticeable differences were higher proportions of quartz and kaolinite
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nearer the surface, and increased amounts of interlayered material in
vermiculite in the surface horizoms.

The influence of weathering on the Na-K relationship in the mica
of < 2. particle size is shown in table 3. Although there vas vari-
ation in the amounts of Na and K throughout the profile, the Ne/K molar
ratio remained relatively constant, near unity. This constancy did
not hold for the coarser fractions, which contained consideradbly more
K than Ha. This suggests that Na-mica is confined to a smaller par-
ticle size than K-mica, vhich 18 in agreement with the observations of
Rosenfeld (1956). This finding is also borne out by the x-rey diffrac-
tion results (figures 5 through 8), in which the paragonite spacings
increased in intensity relative to the muscovite spacings with de-
creasing particle size. It should be pointed out, however, that di-
rect correlation of basal spacing with composition is not possible
due to the ternary nature of the paragonite solid solution (Rosenfeld
et al., 1959).

Lowdoun phyllite and Manteo soil-- A phyllite vas sampled from a road-
bank located southeast of Orange on Virginia Highway 612, 3.3 miles
from the intersection of Highways 638, 647, and 688, and approximately
250 yards east of the junction of Highways 631 and 632. The material
closely resembled the fresh material sampled near Lynchburg in color,
luster, and fissility. The phyllite has been designated as the Loudoun
formation on the Geologic Map of Virginia (Stose, 1928). The use of
the name Loudoun was criticized by Brown (1958), who suggested that it
should be abandoned. However, to distinguish this sample from the



TABLE 3.
< 2 . overl
Horizon Depth, Ba
inches % me. .
Bl 6-11 10"’7 6308
B, 11-15 1.35 58.6
B3 15‘18 1032 57-3
cl 18-2h 1.30 56.4
Gy 24-30 1.3% 58.2

Candler phyllite.

2.45
2.57
2.35
2.25
2.22
2.17
2.35

Be .
62.7
65.8
60.2
57.6
56.9
55.6
60.2

Contents of Ne and K,as a function of depth, of Nason soil

Mtk Ag?-bnolar)
123 0.97
130 0.97
120 0.97
15 0.99
113 0.99
11k 1.0k
123 1.04
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Candler phyllite near Lynchburg, it will be referred to as Loudoun
phyllite throughout this thesis.

m soil above the phyllite was sampled by genetic horizon to
a depth of 36 inches and designated as Manteo.
Weathering of Loudoun phyllite and overlying Manteo soil--Weathering
sequences of Loudoun phyllite and Manteo soil, as a function of par-

ticle size and depth, are shown in figures 10, 11, 12, and 13, The
mineral assemblage of the phyllite ( > 2 () consisted of muscovite,
paragonite, kaolinite and quartz. With decreasing particle size,
kaolinite increased and quartz decreased. In the <2 /. fraction, a
regular interstratification wvas noted, as revealed by the high spac-
ing reflection at 32.7 A. and the higher order reflections at 16.8 A.
and 8.2 A., which are approximate submultiples of the 32.T7 A. reflec-
tion. Most of the higher order spacings were weak, or even indistin-
guishable, which is to be expected according to Brown and MacEwan
(1951). The nature of the interstratified material is questionmable.
The spacings satisfy those for interstratified montmorillonite
(~18 A.) and vermiculite (~14.4 A.), even though there is no other
evidence of montmorillonite in the lLoudoun phyllite or its veather-
ing products. It could be that a montmorillonite-like material is
formed in the fine particle-sized material, but either decomposes or
reverts to vermiculite upon weathering.

The mineralogical composition of the Manteo soil was essentially
the same as that of the Nason soil. Also, the Na and K contents of the

< 24 fraction of Manteo soil (table U) were in the same range of
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Fig. 10. Weathering sequence as a function of depth in the 50 - 20/u
fraction of Loudoun phyllite and Manteo soil, as denoted by
smoothed x-ray diffraction traces.
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A 0-b 1.22 53.0 2.50  64.0 117 0.83
By 418 1,18 51.2 2.30  58.9 110 0.87
¢, 18-24 1.32 57.3 2.27  58.2 116 0.98
o 2k-30 .52 66.0 2.62  67.2 133 0.98
ey 30-36 1.63 70.7 2.62  67.2 138 1.05
Lowloun
phyllite 36  2.75 19  3.20 _ 82.0 _201 1.h5
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magnitude as those of Nason. However, the parent rock contained

4O me./100 g. less K than the least veathered sample of Candler phyl-
lite. The noticeable differences in the Manteo scil compared to the
Nason soil vere a greater abundance of kaolinite in all particle size
ranges, the appearance of 12.2 A. and 1li.4 A. components in the larger
particle sizes, and a smaller Na/K molar ratio in the upper horizons.
These Aifferences suggest an advanced degree of wveathering in the
Manteo soil. Potassium saturation and heating of the interlayered
vermiculite in the < 2/1« fraction effected collapse similarly in
both soils (figures 9 and 1k).

Laboratory weathering of Loudoun phyllite--Laboratory experiments vere

conducted in an effort to weather dioctahedral mica artificially and
compare the artificially weathered products with those occurring under
natural conditions. Particular attention was given to the relation-
ship between loss of K, or K and Na, and increase in CEC. As stated
earlier, it is desirable to have as experimental material a specimen
free of impurities in order to associate the products formed during
treatment with the source material. Since both phyllite specimens
contained kaolinite, free Fe oxides, and other materials extransous

to the mica, it vas necessary to remove these impurities from the rock
sample. The NaOH dissolution technique of Hashimoto and Jackson (1960)
vas employed to remove kanolinite, interlayered material, and amorphous
silica. Free Fe oxides vere subsequently removed according to the
method of Aguilera and Jackson (1953). The effects of NeOH treat-
ment and free Fe removal on Loudoun phyllite are shown in figure 15.
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The treatments appeared to have an insignificant destructive effect
on the mica. The dioctahedral nature of the mica is evidenced by
the (060) spacing of 1.500 A. Trioctahedral micas give an (060)
spacing near 1.53 A.

Two types of experiments were carried out on loudoun phyllite.
One treatment consisted of boiling the sample in varipus salt solue
tions, the other treatment was with a molten salt, namely L:llo3. A
brief description of the method used in each case will be given pre-
ceding the results.

i treatments
Method~--Approximately 1 g. of pretreated, < 2/w -size material wvas
placed in a 6-liter flask containing 5 liters of the appropriate salt
solution and heated to boiling on an slectric hotplate. A reflux
condenser was inserted through the rubber stopper closing the flask
in oxder to prevent evaporation during boiling. The salts and their
concentrations used vere 5 N NaCl, 5 ¥ MgCl,, 0.2 ¥ HOAc, and 0.001
N HCA. Aliquots of the boiling suspension were taken at the inter-
vals indicated and 5 liters of fresh replacing solution was added.
Results--The effect of boiling 5 X KaCl, pH 5.2, on the mica structure
is shown by the x-ray diffraction traces in figure 16. B8light ex-
pansion was noted after 2 days treatment. At 8 days, a material re-
sembling a regularly interstratified 50-50 mixture of mica and ver-
miculite vas formed, as indicated by the 25.2 A. and 12.6 A. spacings,
respectively. Continued boiling to 30 days destroyed the orystal
structure of the mineral.
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Fig. 38+ Expansion of Loudoun phyllite{<2,u) folloving boiling 5 N
NaCl treatment, as indicated by smoothed x-ray diffraction traces of
Mge-saturated and glycerol-solvated samples.
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Examination of table 5 reveals that considerably more K than Ma
vas lost through MaCl boiling. Especially noticeable is the fact that
the increase in CEC vas non-stoichiometric with the loss of Na and K.
Apparently the exchange sites were blocked by positively charged
Al-hydroxy groups that formed as Al was released during breakdown of
the mineral. That charged Al-hydroxy groups exist and balance un-
satisfied negative charges has been demonstrated in studies like those
of Hsu and Rich (1960), and Shen and Rich (1961). Furthermore, salts
actually speed the Al-hydrolysis reactiom (Rich, 1960).

It wvas thought that the use of boiling NaCl solution on a Ma-
containing mineral gave a distorted picture of the relative rates of
Na and K release from the mica due to the equilibrium existing be-
tween Na in the sample and that in solution, thus restricting its re-
moval. To eliminate this effect, a boiling 5 N NgCJ.z solution, pH
4.8, vas employed. Nagnesiwm chloride was chosen also because its
effectiveness in altering hydrobiotite to vermiculite vas fllustrated
by Barshad (1949). Unfortunately, an aliquot was not taken until after
10 days, by vhich time the mica had been almost completely altered
(figure 17). The expanded materials formed vere similar to those
produced vith NaCl, but the mica-vermiculite mixture formed from
llcC:l.2 treatment produced more prominent peaks and was slightly more
resistant to collapse with heat treatment (figure 18). However,
there vere insignificant differences in K and Ka losses, and CEC
gain (table 6). This suggests that the 'weathering' action of the Na
and Mg salts was' essentially the same.
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TABLE 5. Effect of boiling 5 N NaCl on K content, Na content, and
CEC of Loudoun phylifte { < 2.¢).

Boiling period,

—axe_ TR TR R T IR
0 86.2 93.8 180 5.8
5 31.3 81.8 112 19.0
20 23.0 T.u 9% 26.2
30 23.0 69.5 93 30.7
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treatment, as indicated by smoothed x-ray diffraction traces

Fig. ﬂtl Expansion of Loudoun phyllite(<2/u) following boiling 5 N
of -saturated and glycerol-solvated samples.
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Fig. Effect of K-saturation and heating on Loudoun phyllite(<2/u)
l%lloving NaCl and MgCl, boiling treatments, as shown by smoothed
x-ray diffraction traces.
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TABLE 6. Effect of boiling 5 N l301.2 on K conunt, Na content, and
CEC of Loudoun 1131

Boiling pericd,

days K Na K +Ha_ CEC_
- & ® » 5 e s e a - no/m a. - - e o e o0 o

0 86.2 93.8 180 5.8

10 30.7 T1.3 102 26.5

17 27.6 64.2 R 32.6
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Both NaCl and MgCl, are strongly ionized salts. To observe the
effect of a weak acid, a boiling treatment with 0.2 N HOAe, pH 3.0,
vas carried out. The results, as shown in table 7, were quite dif-
ferent from those obtained with boiling salt solutions. Acetic acid
removed approximately il me. Na/100 g., vhereas NaCl and NgCl, re-
moved approximately 2k me./100 g. and 30 me./100 g., respectively.
Also slightly less X was replaced with HOAc than vith EaCl and MgCl,.
A striking difference in cation exchange behavior was noted. A net
increase of only 7 me./100 g. of exchange sites was obtained despite
the large amounts of Na and K removed. The likely explanation is
that the HOAc solution was buffered at a lower pH than the salt solu-
tions, and the lower pH(greater acidity) brought into solution more
A1+++, vhich subsequently reacted to form hydroxy-Al polymeric groups.
Although the CEC increased only slightly, considerable expansion oc-
curred, as indicated in figure 19. Furthermore, the material formed
vas resistant to collapse, perticularly after the 30-day treatment
(figure 20). The difficult contraction indicates a more stable Al
interlayer configuration as a result of HOAc treatment.

The dilute weak acid treatment produced such different results
from the other treatments that it was decided to see what effect
dilute strong acid would have on expansion and cation exchange
properties. A boiling 0.001 N HC1 solution produced neither ex-
pansion nor an increase in CEC after 30 days treatment. However, the
treatment, swprisingly, 4id produce cristobalite, the high tempera-

ture 8:!.02 polymorph. Cristobalite also was found occurring naturally
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TABLE 7. Effect of boiling 0.2 N HOAc on K content, Na content, and

CEC of Lowdoun phyllite ( < 2 c0).
Boiling period,

faye ‘--f-----fa--ne./mo;.(t!:----a;c---
o 86.2 93.8 180 5.8
5 86.0 8k .4 170 5.8

10 65.6 T9.2 ks 5.9

15 k3.0 T3.1 116 6.0

20 31.5 65.2 97 7.0

.Y 30.7 Lo.L 80 12.8
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Fig.19, Expansion of Loudoun phyllite(<2/u) following boiling 0.2 N
l‘QOA‘: treatment, as indicated by smoothed x-ray diffraction traces
of Mg-saturated and glycerol-solvated samples,
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HOAc treatment, as shown by smoothed x-ray
diffraction traces.
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in the O.g,w - O.J/a/rraetion. A comparison of the x-ray patterns
revealed a close similarity between the natural and synthetic pro-
ducts (figure 21). The formation of cristobalite is attributed to
gelation of amorphous silica. Although cristobalite normally 4is
formed at very high temperatures (1470°C. - 1713°9C.), it may fom

at much lower temperatures vwhen crystallization takes place rapidly
(Berry and Mason, 1959). Also the presence of foreign ions, par-
ticularly la'f,' and fine grain size probably account for this occurrence
of cristobalite because these factors are known to enhance the cata-
lysis of cristobalite crystallization under metastable conditions

(Berry and Mason, 1959).

Molten unoa treatment

Method--A method similar to that used by White (1956) was employed.
A 0.5 g. saupls wvas dry-mixed with 50 g. of solid Lim3 in each of
several platinum crucibles. The crucibles and their contents were
heated at 300°C. for varying periods of time. After cooling, the
s0lidified melt wvas dissolved in water, then the remaining sample was
vashed twice with water to remove excess salt. Total 1i was deter-
mined flame photometrically following HF digestion. Other techniques
and determinations used have been described previously under "General
Methods.”

Results--The effect of molten L:I.IO3 on the chemical composition of
Loudoun phyllite i{s indicated in table 8. The treatment removed K
more effectively than Ma, vwhich indicates that the K-containing

layers are more easily penetrated than the Na-containing layers.
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Fig. @1, Occurrence of cristobalite, as identified by x-ray diffraction

data.



TABLE 8. Chemical composition of Loudoun phyllite ( < 2 <) as af-
fected by molten LiNO, (1:100 ratio) at 300°C.

Reaction
time K Na 11 CEC Layer Charge Total Charge
e e S S e M, 0)
0 86.2  93.8 k.08 5.82 186 190
#hr. 67.0 80.0 2h,L 21.4 168 193
lhre 57.5 T7.9 30.4 26.7 162 193
2 hrs. 50.4 75.0 31.0 32.2 158 189
6 hrs. 39.0 2.4 h.3 39.4 151 192
12 hrs. 32.6 T1.8 42,k k5.3 150 192
lday 28.8 66.9 45.6 53.7 1k9 194
2 days 23.b  64:6 h7.0 60.8 149 196
3 days 21.4  58.7 k9.5 66.8 147 196
L days 19.5  57.7 60.6 7140 148 209
5days 18.2  5T.7 66.7 737 148 216

6 days 15.9 _ 56.0 95.5 19.6 152 247
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The difference in interlayer accessibility apparently is due to dif-
ferences in the ionic sizes of K' and Na' . The K"—ion has an ionic
diameter of 2.66 A,, which 18 slightly larger than the 'hole' of ap-
proximately 2.55 A. diameter formed by the hexagonal rings of 0
ions of the tetrahedral layers above and below. Thus the tetrahedral
layers are held apart slightly by the K ion. On the other hand, the
smaller diameter of the Na' ion, 1.9% A., permits the tetrahedral
layers to close completely around it. As a result, a greater energy
would be required to initiate expansion along Na-containing layers
than K-containing layers.

The relationship between changes in chemical composition and
CEC is shown in figure 22. The rapid changes ocewrring initially
probably indicate reaction with the finer particle-sized material.
White (1958) observed a stoichiometric relationship between the
amount of Li migrating into the lattice and the increase in CEC. How-
ever, in this stuly, total increase in CEC seemed to be correlated
more closely with the loss of K. If KT and/or Ba® are replaced vy
cation exchangs or the negative charge on the layer decreased inter-
nally by penetration of Li into the structure, the sumation of me.
of N, k¥, 147, and CEC should be constant. A relatively constant
sun of approximately 192 me. was maintained through 3 days treatment,
but a sharp rise to 247 me. vas noted after the 6-day period. This
latter figure of 247 me. approaches the total charge of muscovite,
approximately 250 me./100 g., as calculated from the theoretical
formula of muscovite. It is interesting to note that the experi-
mentally determined CEC (80me./100 g.) is in good agreement with the
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Fig. ®R.variation in K, Na, and CEC with reaction time in the treatment
of Loudoun phyllite(<2/u) with molten LiNO5(100:1 ratio).



8o

difference 250-( =k*, 11*, ¥a¥), or 83 me./100 g.

Expansion of the Li-treated samples after various reaction
times is shown in figure 23. Expansion occurred rapidly, which wvas to
be expected according to the rapid initial losses of K'and Na, and
decrease in layer charge (table 8). The layer charge was computed by
sumpation of K+, lu+, and CEC. 7This sumation vas based on the as-
sumption that all the 1i migrated to octahedral positions. A rela-
tively constant layer charge was reached after sbout 6 hours. This
agrees vith the finding of White (1958), who attributed the leveling-
off in layer charge to attaimment of a critical K content in the
melt. The magnitude of layer charge is an important factor in the
interlamellar expansion of micaceous minerals. Earlier studies,

_e.g,, Barshad (1954), seemed to indicate that a crystal lattice with
a layer charge greater than 150 me./100 g. will remain contracted at
10 A, However, significant expansion was observed in Loudoun phyllite
vhen the layer charge was 172 me./100 g. More recent work by Barshad
(1960) indicated that a vermiculite with a charge of approximately
200 me./100 g. expanded quite readily.

A specimen-type muscovite from Ontario, Canada, was also treated
with Lim3 for periods up to 48 hours. The results are given in table
9. The high initial CEC is believed to be caused by excessive grind-
ing during fractionation of the sample. Mackenzie and Milne (1953)
increased the CEC of a muscovite to almost 30 me./100 g. by grinding
for only one hour.

The lov initial charge of 187 me./100 g. for the Ontario mus-
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TABIE 9. Chemical composition of an Ontario muscovite (2-0.2 .) as
affected by molten LiNOq (1:100 ratio) at 300°C.

Reaction time, Tayer charge Total charge
hours X 14 CEC (EK,GCI s gx,m,a:c)
--------- «./1&8..-.‘-0.--..-.—-

0 150 7.8 37.1 187 195

1l 37.0 35.0 145 182 217

5 32.3 57.8 150 182 240

24 16.5 Q0.5 165 182 272

48 15.8 110 170 186 296




83

covite is noticeable, since it represents a marked discrepancy from
the theoretical value for well-crystallized muscovite. Low-charged
micas have been observed, hovever, as in the case of high-silica
micas (Schaller, 1950). Total charge increased to the unusually high
value of 296 me./100 g. It is difficult to account for this high fig-
ure, It is possible that in the separation of the 2 -~ O.gw fraction,
some of the K was replaced by Na from the h2m3 dispersing solution,
Also, an increase in total charge would occur upon the substitution
of 147 for X due to the difference in atomic weights of Ii (6.94)
and K (39.1). Even if Lifreplaced all the X', though, the total
charge would be only 273 me./100 g. Furthermore, if all the vacant
octahedral positions in a dioctahedral mica were filled, it would ap-
pear that the structure would be neutral. B8inee it isn't, perhaps
the negative charge on the tetrahedral layer cannot be balanced by
117 in the octahedrsl layer.

Differences in expansion of the Loudoun phyllite and Ontario
muscovite were noted, as shown in figures 23 and 2k, The Loudoun
phyllite did not expand beyond 1i4.7 A., which is indicative of a
vermiculite-like material. Muscovite expanded to 18.4 A., which is
a characteristic spacing of montmorillonite. This difference seems
to point up the fact that soil micas and specimen-type micas are
quite different from an alteration standpoint. The fact that the
1iNO

3
cates that vermiculite as a weathering product of dioctahedral miocae

treatment produced a vermiculite-like material further indi.

is probable. Both the phyllite and muscovite collapsed readily upon
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K saturation and heating, as exemplified by two samples of Li-treated
muscovite in figure 25,

As in the case of Loudoun phyllite, the increase in CEC of the
muscovite, 133 me./100 g., approximated the decrease in K coutent,
134 me./100 g. The equivalence between K extracted and CEC increase,
concomitant with the expansion of the mica, suggests that the mecha-
nisn fovolved in the LiNO, trestment consists of 147 replacing x T,
then entering the lattice and reducing the charge on the lattice,

vhich renders it expandable.

Laboratory weethering of mica from Orange County-- Laboratory studies

were conducted on the micaceous parent material (03 horizon) of a
Tatum s0il sampled prior to the beginning of this investigation. The
sampling site was located two miles east of Orange on Virginia High-
vay 637 and one-half mile west of Highway 612 in an old hardwood for-
est. This sample will be referred to as Mica OR throughout this pre-
sentation. A description of some of the chemical, physiceal, and mine-
ralogical properties of the entire soil profile has been given by
Rich and Ovenshain (1955).

The 5 -a/&mctimofncaonmuudmmtofthc labore«
tory treatments. The dioctahedral character of the mica and its
appearance following NaCH treatment and free Fe oxide removal are
shown in figure 26. The mica peaks are noticeably sharper as a
result of the removal of free Fe and extraneous materials. After the
pretreatment, the mica contained 134 me. K/100 g. (5.23%), 12.1 me.
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¥a/100 g. (0.28%), and had a CEC of 9.2 me./100 g.

Boiling treatments were carried out in a similar manner to
those conducted on Lowdoun phyllite., An important exception was the
more frequent changing of boiling solutions. The solution was
changed daily to keep the solution as fresh and reactive as possible.
Rich (personsl cammunication) observed that 10 ypm of K in solu-
tion was sufficient to block exchange.

It vill be recalled that a 0.2 X HOAc solution removed Na and
K effectively but produced a negligible effect on the CEC. To note
the effect of a more concentrated HOAc solution, a 1 g. sample of
Mica OR was boiled in 5 liters of a N HOAc solution for 8 days. The
amount of K extracted in comparison with the increase in CEC is
given in table 10. It is noted that the CEC did not increase stoi-
chiometrically with the loss of XK. This apparent loss of charge may
be accounted for in two ways: 1) Blocking of exchange sites, pre-
sumably by A1T*Y or hydroxy-Al groups; 2) Internal reduction or com-
pensation of charge. Rich (1960) indicated that hydroxy-Al may be
an effective blocking agent in vermiculite. In an acidic solution
of HOAc (pH 2.4), the formation of hydroxy groups is probably small.
However, att? may be released from the mineral and satisfy the nega-
tive charge, since A17*7 15 strongly attracted to the exchange sites
and is difficult to replace by other ions.

A mechanism that accounts for the reduction of charge within
the lattice would seem applicsble in this case. Jackson et al. (1952)
proposed that the B 1on may become associated with the apical oxygen



TABLE 10, Effeet of boiling N HOAc on K and Na content and CEC
of Mica OR (5.2 ).

-Broiling period:- TEC gein
days K Na CEC K+HNa loss
o o = = oe,/100g. - = = = =
Y 13k 9.6 9.2 -
2 118 T.3 23.3 0.T7
4 112 7.5 24,5 0.64
6 . 102 7'0 33-0 0.69 :
8 100 6.l 36,0 0.72
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of the tetrahedral sheet, forming OH" from 0~~, and thus reduce the
negative charge. This reaction may have taken place during the BOAc
treatment since large amounts of H * 1ons were present and in an
active state as a result of boiling. Howvever, no experimental evi-
dence can be offered to support the proposed mechaniam.

Accompanying the increase in CEC was expension of the mica
structure, as indicated in figure 27. In general, weak variable
spacings vere produced. After 8 days, a pronounced 12.2 A. spac-
ing appeared, suggesting a mica-vermiculite type interstratifiocation.
Potassium saturation and heating to 300°C. contracted the material
(figure 28). The patterns tend to confirm the conclusfion that block-
age of exchange sites by interlayer hydroxy-Al groups was small but
not negligible. The appearance of a small ksolinite peak after 8
days is attributed to kaolinite that was masked by amorphous material,
vhich later was removed upon HOAc boiling.

A boiling treatment using 1 N Na-citrate (pE 7.6) was then em-
ployed to compare the products formed previously upon acid treatment
wvith those formed upon slightly alkaline treatment. Determinations
of Na were made to check for contamination from Na-citrate. 8Sodiwm
citrate wvas chosen also because it is a complexsr of Al, and thus
should give insight into the proposition that hydroxy-Al groups were
formed during the previocus boiling treatments. The effectiveness of
Na-citrate in complexing Al has been utilized in the removal of Al-
interlayers from clays (Tamura, 1958).

The effect of the Na-citrate treatment on loss of K end increase
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Fig. ®7. Effect of N HOAc boiling treatment on Mica OR(5 - 26;11)’ as
indicated by smoothed x-ray diffraction traces of Mg-saturated and
glycerol-solvated samples.
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in CEC 1s shown in table 1ll. Whereas previous treatments removed
increments of K in excess of the CEC gain, HNa-citrate produced a
greater CEC increase than could be accounted for by K removal. The
explanation offered for this unexpected occurrence is that amorphous
material, possessing no CEC, vas present initially, causing the initial
K content to be lower than it would have been had the sample been
pure mica. As the amorphous material was removed during boiling, the
percentage of K measured in the aliquot was high relative to the
initial value. That amorphous materials were removed through boiling
is indicated by the increase in size and intensity of the x-rey dif-
fraction peaks after treatment compared to those before treatment.

Expansion occurred readily as a result of the Na-citrate treat-
ment, as shown in figure 29. A vermiculitic component and a mica-
vermiculite interstratification are indicated by the lhi.k A, and 12.2 A,
spacings, rclpeét:lvely. The amount of interstratified material in-
creased with time of treatment. However, the expanded material col-
lapsed as easily after 16 days treatment as with 2 days treatment
(rigure 30).

An important factor in chemical reactions, e.g., weathering, is
particle size. To observe the particle size effect in the boiling
treatment, a sample of Mica OR, < 2 <« particle size, was bolled in
N Ha-citrate for 8 days and observed for changes. Folloving NaOH
treatment and free Fe removal, the sample contained 64.8 me. K/100 g.
(2.53%), 68.7 me. ¥a/100 g. (1.58%), and had a CEC of 10.0 me./100 g.
A comment on the high Ma content is required. Analysis of an untreated



TABLE 11. Effect of boiling N Na-citrate on K and Ka content and
CEC of Mica OR(5-2¢¢).

111:21? rot X Ha CEC i'?%%
- oo oomBe,/lOO g. = « « = =

) 134 9.6 9.2 -

2 12 10.4% 32.5 1.06
" 102 8.8 47.3 1.19
6 96.0 11.3 52.5 1.1%
8 93.2 9.2 56.5 1.16
10 91.5 10.8 58,4 1.16
12 88.8 9.6 63.5 1.18
b 88.3 9.6 65.7 1.23

16 88.0 _12.1 69.0 1.30
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sample of < 2ccmaterial indicated a Fa content of 0.22%. Therefore,
the Na apparently was incorporated into the sample during the pre-
treatment. Ordinarily the free Fe was removed following heating and
HaOH treatment. In this particular case, Fe was removed prior to
heating, the purpose in mind being that more complete removal of
kaolinite and interlayer materials should occur on Fe-free samples.
Since the sample contained vermiculite, it is likely that the Na
added through Na-dithionite and Na-bicarbonate in the Fe rmmoval pro-
cedure vas trapped in the vermiculite during heating.

Figure 31 shovs that almost all the mica expanded to 1lk.2 A,
after 8 days treatment. Of interest is the increase in CEC accom-
panying the expansion (table 12). A gain of almost 100 me./100 g.
vas accomplished although only about 73 me. K +¥a/100 g. vas re-
leased. The only explanation offered is that enough amorphous
material vas present to account for the discrepancy. The removal of
amorphous material is indicated in the K-saturated and heated samples
(figure 32). After 8 days, the peaks were larger and sharper than
after 4 days, and collapse occurred much more readily. |

On the basis of CEC data and expansion characteristics, it is
concluded that Na-citrate reacted differently with the micaceous
material than did HOAc. The Na-citrate alterstion process is pie-
tured as one in vhich a7l ions replace X Tions in the interlayer
position, followed by expansion of the mica structure. Expansion
vas easier vith Ma-citrate due to the greater hydratesbility of Na T
than H' (or n3o+), and the absence of interlayer blocking material.
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Fig. 31, Expansion of <2,u fraction of Mica OR as a result of bolling
N Na-.citrate treatmeht, as shown by smoothed x-ray diffraction
Traces of Mg-saturated and glycerol-solvated samples.



TABLE 12. Effect of bolling N Na-citrate on K content and CEC of
Mica OR ( 224 ).
Boiling period, — &C gain
days K Na CEC K _+H8a loss
« o oweoB,/lOO ge = =« « = =
0 64.7 68.7 10.0 -
3 - - 49.6 -
& 48.6  50.h4 52.3 1.23
2 - - 54,5 -
L 35.7 38.7 88.4 1.33
6 33.3 33.2 100 1.35
8 31.5 28.6 108 1.33
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Fig. 38, Effect of K-saturation and heating on Mica OR(<2/u) following
Na-citrate boiling treatment, as indicated by smoothed’ x-ray
diffraction traces.



101

The absence of interlayered material, which is known to inhibit ex-
pansion as vell as restriet contraction, is indicated by the high CEC
of the treated material and unrestricted collapse upon K saturation.
Removal of the interlayered material, vhich nommally contains Al, was
effected by complexing the Al with ecitrate.

An interesting feature of the products formed by the boiling
treatments, particularly Na-citrate, is their similarity to the natue
rally veathered products formed in soils. The weathering sequence in
the clay fraction of Tatum soil overlying Mica OR is shown in figure
33. The most weathered material near the surface in the 2 - 0.2 co
fraction of Tatum is analogous to the 5 - 2 2 o fraction of Mica OR
treated 16 days vith Na-citrate. Likewvise,the 0.2 - 0.08 .« fraction
of Tatum resembles the < 9{4/ fraction of Mica OR treated 8 days with

Ha-citrate.

Hydrochloriec acid treatment
Method-- A sample of Mica OR(5 « 2 4) vas treated vith 10% HCl in a

manner similar to the acid-dissolution technique employed by Osthaus
(1956). A 1.0 g. sample was placed in 200 ml. of 10% HCl in a poly-
styrene bottle. The suspension was stirred constantly and heated at
approximetely 80°C. in a water bath on a steam hotplate. Aliquots
were taken at various time periods and analyzed for Al, Fe, and 51,
Alminm was determined according to the method of Jones and Thurman
(1957), Fe by the orthophenanthroline method described by Jackson
(1956), and 81 by the semimicrochemical method following Na,CO; fusion
of the sample (Jackson, 1956). Potassium removed wvas determined by
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FigJ3« Mica veathering in the clay fraction of Tatum soil, as
revealed by smoothed x-ray diffraction traces of Mg-saturated
and glycercl-solvated samples.
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difference between K contents of the sample before and after treate
ment.

Results--The amounts of Al, Fe, and 81 dissolved by 10% HCl are shown
in table 13. Osthaus (1956), working with<0.2.c material, cbtained
acid-dissolution curves by plotting the logarithm of the percentage
of the undissolved ion versus time. However, in this case, vhere

S --i’/o material was used, only very small amounts of the ions were

- dissolved relative to the total composition. Thus, the percentages
og. the undissolved ions in the ﬁ.nal residue were not changed signi-
ficantly from the original material. Therefore, the results could
not be plotted like those of Osthaus. The Al and 81 results vere
similar to those obtained by Gaines and Rutkowski (1957). They
treated a sample of Ruby muscovite (100-200 mesh) with 0,1 N HC1 at
25°C. and obtained a 81/Al ratio of 0.30 = 0.37 up to 24 hours treat-
ment.

On the basis of the limited results cbtained, it seems likely
that acid atteck ococurs primarily at the edges of the particles,
vhere the octahedral layer is exposed, and it is this layer which is
attacked primarily. This conclusion was also reached by Osthaus
(1956). On the basis of the coordination principles of Pauling
(1960), one would expect the octahedral layer vith 6-coordination to
be less stable than the tetrahedral layer with L-coordination and,
thus, dissolve more readily.

The effect of 10% HCl on the mica strueture is shown in figure 3.
In the period up to b hours, a weak 18.6 A. spacing was produced.



TABLE 13. Bffect of 10% HCl on dissolution of certain elements and
CEC of Mica OR (5 - 24).

okl o e g
- = - - ug.Jg. - - - me./100g. me./100g.

3 738 Sk 100 - 0.72 11.5

1l 1613 563 230 .- 0.33 13.0

L 3033 100 A2 - 0.35 1.7

8 L873 ko 1451 -- 0.29 10.7

24 9300 5550 1831 - 0.58 10.0

36 15040 12500 18T 10 0.76 10.0
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Mg-saturated and glycerol-solvated samples.
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This spacing wvas replaced with one near 1l A. upon further treatment.
Despite the limited expansion and loss of 10 me. K/100 g., there was
no increase in CEC (table 13).

To evaluate the permanent effect of the HCl treatment on ex-
pansion and CEC, the HCl-treated sample was subjected to Na-citrate
boiling. 8triking increases in expansion and CEC properties vere
observed, as shown in figure 35 and table li. In fact, the in-
crease in CEC was more rapid in the HCl-treated sample than in the
previous sample boiled in Na-citrate (table 11). Also the loss of
K proceeded more rapidly. Apparently the HCl treatment removed
amorphous material, thus permitting greater reactivity between the
boiling solution and mica surfaces. The effectiveness of HCl +KCl
for removing interlayer material was shown by Rieh and Cbenshain
(1955). Of great significance i1s the equivalence between loss of
K and increase in CEC (table 1li). It was suggested earlier that
amorphous material could account for the non-equivalence by affect-
ing the weight basis in calculation. This suggestion seems to be
borne out in the combined HCl and Hea-citrate treatments. Further-
more, it is tempting to postulate that the relationship between X
loss and CEC increase is stoichiometric. Non-equivalence resulis
vhen impurities, amorphous material, etec., become mixed with the
mica, making it difficult to isolate the mica component for precise

studies.
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TABLE 14, Effect of boiling K Na-citrate on K content and CEC of
Mica OR (5-2.¢) following 36-hour treatment with 10% HC, _

Boiling perfod, “CSC gain
days X Na CEC K+ e loss
------ 2./100 g = = - = = -
0 124 6.4 10.0 -
3 69.5 7.0 65.2 1.02

5 56.0 7.2 78.5 1.02




109

Mica weathering in soil from Prince William County--Preliminary stud-
ies on a micaceous soil material from Prince William County indi-

cated the occurrence of montmorillonite. 8ince the association of
montmorillonite with muscovite has been observed only rarely, it
was felt that further study of this material would be worthwhile.

801l samples were taken from & roadbank at the intersection of
roads MC2 1 and NC8 6 on the Quantico Marine Base. BSampling wvas done
at 2 foot intervals to a depth of 12 feet. An overburden, or 'ecap’,
of approximately 2 feet of colluvial material affected the clay
minerology of the upper U4 feet of soil. Since it would be very dif-
dicult to isolate the effects of clay eluviation from the overburden
the upper L-foot portion was disregarded as far as its genesis from
mica i8 concerned. laboratory weathering experiments were conducted
on the material sampled at 12 feet. This sample will be designated
Mica PW for the purposes of this investigation.
Results--The exchangeable base content and pH values for the s0il are
given in table 15. A very low base status is apparent, with Ca and
Mg the only bases present in amounts of any consequence.

The weathering of Mica PW as a function of depth and particle
size is shown in figures 36, 37, and 38. Mica is prominent in the
5 - 2/0mct:lon, present at only the 10- and 12-foot depths in the 2-
0.;wrraetion, and practically non-existent in the< 0.2/wfnction.
The weathering trend is also reflected in the K analyses of the mica,
given in table 16. Figure 36 shows the occurrence of mmumuu-
like material in the 5 - 2/,ufraction, vhich is somevhat unusual,
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TABLE 15. Exchangeable bage content and pH values for whole soil

overlying Mica PW, as affected by depth.
et S
b 5.2 0.03 0.07 0.03 0.76
6 5,2 0.02 0.07 0.08 0.97
8 5.1 0.01 0.06 0.13 1.10
10 5.3 0.01 0.08 0.ko 1.23

12 5.4 0.01 0.09 0.78 1.80
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TABLE 16. Contents of K and Na in Mica PW and overlying soil as a

- funetion of depth and Erticle size.
Depth, rticle Size

feet 5.2 ] 2-0.2.c
X

T :e./].&’g. % lhm./].ﬁg. ¥ me./100g. ¥ n‘me./lﬁag.
0.68 17.h 0.17 T«37T | 0.33 8.45 0.12 5.20
0.65 16.6 0.21 9.10 10.33 8.k5 0.08 347
0.89 2.8 0.28 12,1 |o.34 8.70 0.08 3.7
0.95 2h.3 0.22 9.55 |O.b4 11.3 0.15 6.50
1.52 38,9 0.2h  10.h 1,55 39.7  0.13 5.6k

k & o o +
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because the fine-grained character of montmorillonite usually re-
stricts it to the clay-sized particles ( < 2.cc). The evidences of
montmorillonite are based primarily on x-ray diffraction results

and CEC measurements. Montmorillonite is characterized by its ex-
pansion to approximately 18 A. when glycerol-solvated and by a CEC
of 100-125 me./100 g. Closer examination of figure 36 indicates
strongly that the mica weathers to montwmorillonite. At the l12-foot
depth, mica and & vermiculitic component (14.7 A.) predominated. As
weathering intensity increased up to the 6-foot depth, the mica peak
decreased vhile the 14.7 A, peak shifted to 18.4 A. Very intense
veathering occurred at 4 feet, as denoted by the disappearance of the
mica peak and enhancement of the kaolinite peak. A similar trend was
noted in the 2 - 0.2« fraction (figure 37). Easy collapse of the
montmorillonite-like material is indicated by the x-ray diffraction
traces in figures 39 and 40.

Perhaps a better clue to the magnitude of montmorillonite is
given by the CEC results in table 17. The increase in CEC with de-
ereasing particle size is attributed to montmorillonite because the
highest values approximate those for montmorillonite. In the « 2/u/
fraction, the CEC increases with depth. This suggests that mont-
morillonite of that fine particle size moves down by eluviation after
once being formed.

A boiling experiment using N Na-citrate was carried out on 20 -
5 sized material of Mica PW to see if montmorillonite would be
formed. The character of Mica PW, before and after pretreatment, is
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Fig. 39. Effect of K-saturation and heating on 2 - 0.2/u
fraction of soil overlying Mica PW, as denoted by
smoothed x-ray diffraction traces.



117

6 feet 12 feet

14,2

Fig. 4Q« Effect of K-saturation and heating on < 0.2/u fraction
of 80il overlying Mica PW, as revealed by smoothed x-ray
diffraction traces.
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TABLE 17. Cation-exchange capacities of Mica PW and overlying soil

a8 & function of de and particle size.
Depth, Particle Bize

feet -Eoi%“: ------ &-&'6 — %ﬁ%- . .4.0:3:«1 .
b 21.2 29.4 21.k 39.1
6 12.5 29.6 8.3 5.2
8 1.2 k0.6 k0.0 ko .k

10 12.7 46.3 36.4 87.0

12 11.2 45.0 40,k 99.0
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shown in figure 4l. The effect of boiling N Ma-citrate on Mica PW
wvas essentially the same as that on Mica OR. A mica-vermiculite
interstratification was again produced, as shown in figure 42. There
was a slight broadening of the 25.2 A, peak in the 18 A. area, but
any evidence of montmorillonite was not clear-cut. It is interest-
ing to note the appearance of the lh.2 A. spacing after 4 days
treatment and its disappearance after 8 days treatment. Apparently
the vermiculite reverted to mica. The boiling suspension was al-
lowed to cool before removing the sample and this period of time
may have been sufficiently long to allow K to re-enter the crystal,
The small amount of K removed after U days suggests that this may
have occurred (table 18). Weaver (1958) noted that there is suf-
ficient K in sea water to reenter montmorillonite and accomplish
contraction. He reached this conclusion by placing 1 g. of mont~
morillonite in 1 gallon of sea wvater and shaking the suspension
mildly for 10 days. Collapse of the expanded components produced
upon boiling is shown in figure 43,

The 1h.2 A. component apparently was the main source of CRC,
because the CEC increased up through the k-day treatment, then de-
creased sharply through 8 days (table 18). A perplexing charecter-
istic of the mica-vermiculite intermediate (12.2 A.) is its very
low CEC. When the 14.2 A. phase was removed, the CEC decreased
sharply, despite the fact that the 12.2 A. phase vas very prominent.
The CEC was checked indirectly by satursting one portion of the
boiled sample with Ca''and another portion with K| then determining
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Fig. M. Smoothed x-ray diffraction traces of Miocae PW(20 - 5)u),
showing effect of NaOH treatment and free Fe-oxide removal.
Inset shows (060) spacing.
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TABLE 18. Effect of boiling N Na-citrate on K and Na contents and
CEC of Mica PW(20-5 cc ).

Eiling period,

mf%;sg
days K Na K+HNa CEC K+ 88

---------- me./100 g = « = =
0 136 49.8 186 1.2 -
2 112 50.2 162 23.2 0.50
4 101 48.8 150 30.5 0.5k
6 101 k6.5 148 16.6 0.1k
8 9.8 k3.4 140 16.5 0.12
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Fig. h3. Effect of K-saturation and heating on Mica PW
(20 - 5 /u) following N Na-citrate boiling treatment,
as indicated by smoothed x-ray diffraction traces.
(Tops of 10 A. peaks omitted due to their high intensity.)
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K in each portion. The amounts of K in each sample were 96.8 me./100g,
and 113.8 me./100 g., respectively. The difference, or CEC, was 17.0
me/100 g., which agrees closely with the 16.5 me. CEC/100 g. obtained
by the usual procedure. Another significant result of this detemina-
tion was the reduction in charge of the mica as a result of the boil-
ing Na~citrate treatment. Assuming that X was sorbed on all the ex-
change spots, the total K in the K-saturated sample should approximate
the original total charge of the miea. However, only 113.8 me./100g.
wvas measured in the K-saturated sample contrasted with an initial K
Na content of 186 me./100 g. This indicates that some mechanisa neu-
tralized the charge within the mineral, since the 'blocking' mechanism
should be inoperative in boiling Ne-citrate. These results also sug-
gest that expansion can occur vithout an increase in CEQC, and that
interlayer charge may not be the most important factor in expansion
of three-layer silicates. This opinion is held by Jonas and Roberson
(1960).

A puzzling observation was the weathering of Mica PW to monte-
morillonite, vhereas the other micas studied seemed to weather to
vermiculite. ( It should be pointed out that the line of demarcation
between montmorillonite and vermiculite may be quite vague. The temms
as used here are based on degree of expansion only). One factor in-
fluencing this kind of weathering could be the composition of the
original mica. It was suggested that Mica PW c¢ould be phlogopite, a
trioctahedral mica containing Mg and a common source of montmorillo-
nite. Howvever, chemical analysis of the mica showed a Mg content of
only 0.04%, and the mica was definitely dioctahedral (figure 41).
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These properties would seem to preclude the possibility of phlogopite
being present. Despite these facts, the higher amount of Mg relative
to the other exchangeable bases in the soil (table 15) would seem to
indicate mineral source of Mg. It is possible that the original
mica contained both phlogopite and muscovite, with the phlogopite
weathering out and leaving the muscovite mica relic. Yoder (1959)
observed a mixed layering of phlogopite and muscovite, but pointed
out that no continuous s0lid solution series exists between a
dioctahedral and a trioctahedral mica. Another possiblility might

be that the mica contained some Mg even though it is dioctahedral.
Yoder (1959) stated that slightly more than two-thirds of the octa-
hedral sites in muscovite may be filled. In other words, muscovites
as a group need not be exactly dioctahedral but may have some tri-
octahedral character that is difficult to detect (Yoder, 1959).

This latter fact may be important since the presence of additional
ions in the octahedral layer would reduce the charge on the tetra-
hedral layers, and thus permit expansion more readily.

Ancther interesting observation, which probably is associated
vith the montmorillonite occurrence, was the ease of weathering of
Mica PW as compared to the other micas. This was very obvious in
the Ra-«citrate boiling treatment of the 20 - 5/¢frnction. After
only 2 days, considerable expansion was observed. Several factors
are postulated for the easy weathering. The Mica PW may have a low
charge or the seat of charge may be in the octahedral layer rather
than the tetrahedral layer. Perhaps part of the mica is more vea-
therable than another part. This would occur if some of the mica
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wvere phlogopite-like, as was suggested earlier.
Other laboratory treatments--Other methods of artificial weathering
vere attempted, but experimental difficulties prevented the collection
of valid data. Experiments with sodium tetraphenylboron (mhs) vere
tried, in vhich K wvas precipitated as KPth. Difficulty was en-
countered vhen the precipitated Na and K were brought into solution
for measurement wvith the flame photometer. Sodium vas present in
such great excess that its strong background masked the K emission.
Gravimetric determination on the precipitate was not attempted due
to the difficulty of distinguishing th from th, both of vhich
are highly insoluble.

leaching experiments with coz-eharged wvater, similar to the
experiments of Dekeyser (1956), were attempted. Among the problems
encountered vere flov-rate control and 002 loss from the solution be-
fore reaction with the sample. The reaction also proceeds very
slovly.
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DISCUSSION

Alteration of Dioctahedral Miocas

The processes by vhich mices are broken down during weathering
have long been a subject of speculation. Older hypotheses assumed
hydrolysis of aluminosilicates with the formation of colloidal silicic
&cid and aluminum hydroxide, which later reacted to give clay minerals.
Hovever, it is now known that some micas may not undergo complete
breakdown of the lattice during weathering. They may alter directly
to clay minerals by ionic substitution of Kt or other cations in the
normal position of K'. The original sheet structure is maintained.
Nevertheless, the mechanisms of ionic substitution and its conse-
quences are not well understood.

CGomparison of soil micas with muscovite--The preceding data need more

substantiation, but a number of relations are apparent and some in-
teresting speculations can be made. On the basis of both natural and
artificial weathering results, it seems apparent that muscovite-type
micas found in soils are quite different from the specimen-type mus-
covites obtainable from mineral supply houses. This difference like-
ly is important in mica weathering studies, which heretofore have
been conducted primarily on the specimen~type muscovites. The altera-
tion and expansion characteristics of the so0il micas upon boiling
treatment differed from those of & well-crystallized Ontario muscoe-
vite in that the Ontario museovite was affected only slightly by
boiling treatments (Rich, unpublished date). The LiM0, treatment
seemed especially illustrative of the fact that the micas are dife.
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ferent. The Ontario muscovite exhibited the montmorillonite-like
property of expansion to ~18 A. when treated with Lim3 , vhereas the
Loudoun phyllite expanded like vermiculite to 14.T A. This vermicu.
lite-like product wvas formed by the NaCl, HsClz, and Na«citrate boile
ing treatments and resembled the naturally-occurring vemiculite~
like product in soils. The fact that the Ontario muscovite ex~
panded to 18 A. 18 interesting from the standpoint of determining
the alteration product of muscovite-type micas. The occurrence of
montmorillonite-like material in Mica PW would seem to indicate that
muscovite may alter to montmorillonite. Perhaps it i1s difficult for
muscovite-like micas in soils to expand to 18 A. due to release of
Al from its original sites and subsequent fixation in interlayer
positions. This fixed Al inhibits expansion beyond about 1k A.,
and thus gives the expanded clay mineral formed a vermiculitic ap-
pearance. In trioctahedral micas, which contain Fe and/or Mg, this
type of fixation does not occur during acidic¢ weathering. Magnes-
{un remains in ionic form, vhereas Fe forms insoluble compounds.
Therefore, the presence of Al in dioctahedral micas may be a very
important factor in distinguishing the weathering of dioctahedral
micas from that of trioctahedral micas.

Several possibilities may account for the differences observed.
The micas studied in this investigation originated in meta-sediments,
where more ionic substitution has occurred than in igneocus rocks.
This greater substitution would lead to a less stable mica than one

found in an igneous enviromment. Another factor important in mica
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alteration is the amount of negative charge originating in the gili-
cate layers because of substitution and vacancies in the tetrahedral
and octahedral positions. If this charge is low, there are fewer kt
ions than there are positions in the intersilicate layer. This would
glve rise to a greater mobility of K+ions and, hence, greater sus-
ceptibility to alteration. Thus, the greater ionic substitution in
soil micas may give rise to lover-charged micas than the specimen
types. The wveaker stability of the soil micas also could be attri-
buted to the presence of ions other than Kt in the interlayer posi-
tion. It was found in this study that ¥t may proxy for K" to a
large extent, and this substitution may affect appreciably the struc-
tural relationships of the micas. A later discussion is concerned
vith the Na-K substitution and some of its consequences.
Muscovite-vermiculite alteration-- The results obtained from both
natural and artificial weathering conditions suggest strongly that an
expanded clay mineral of the vermiculite-type can form by alteration
of muscovite-type mica. The formation of vermiculite from triocta-
hedral wicas has been shown to occur in areas where trioctahedral
micas can exist, e.g., the alkaline soil conditions in certain areas
of the vestern United States. However, the micas studied in this
investigation definitely were dioctahedral, as indicated by the (060)
reflections.

An interesting cbservation resulting from the boiling treatments
was the regular interstratification of mica and vermiculite. The

reason for this may be attributable to the M structure of the micas.
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In the 2M structure, the unit cell consists of a "packet” of two
mica layers. 8Since the bond strength between the individual layers
probably is different from the bond strength between the two-layer
repeating units, it is likely that a plane of weakness occurs regu-
larly between alternate layers. As a result of expansion of each
alternste layer, the two-layer “packet” exhibits a spacing larger
than the original mica unit cell.

Perhaps this is an indication of the manner of alteration of
muscovite-type mica to vermiculite. If it is, it should be helpful
in understanding how dioctahedral micas weather to vermiculite. A
dioctahedral mica to vermiculite transition has been proposed only
in recent years (cf., Literature Review). Previous thought on the
subject was that trioctahedral micas tend to give a 1li A. mineral
but that alteration of dioctahedral micas may not show well-defined
steps (MacEwan, 1949).

Muscovite-knolinite alteration--It was observed that kaolinite was

alwvays present with the vermiculite under natural veathering con-
ditions. In fact, kaolinite often appeared before the vermiculite,
indicating that it is one of the early weathering products of
muscovite. This observation i# in keeping with that of Sand (1956),
wvho noted that primary muscovite always altered to kaolinite in mica
deposits. He attributed the alteration to "compositional and struc-
tural econtrol imposed by the mica”, but did not elaborate on the
sechanism of transfer of 8i and Al from a three-layer structure to

a two-layer structure. Perhaps more pertinent to this investiga-
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tion is the occurrence of kaolinite rather than vermiculite in the
C horizon of a Hayesville soil (Dr. R.J. McCracken, personal com-
nunication)l. These findings suggest that kaolinite is the natural
weathering product of well-crystallized muscovite and that vermi-
culite may be associated with smaller particle size of the mica.
Bates (1960) pointed out that development of a mica intermediate is
necessary for the formation of kaolinite from feldspar. He observed
in Hawaii the conversion of a gibbsite-rich zone to a material rich
in halloysite. This conversion took place in the absence of mica.
8ince K is required for development of the mica intermediate, it
seems logical to assoclate kaolinite with the presence of K in the
feldspar to muscovite alteration.

Although the mechanism involved in the muscovite to kaolinite
alteration cannot be defined gpecifically, it seems that some general
statements can be made. The necessity of a platy progenitor, musco-
vite or fine K-mica, suggests that kaolinite needs the basic layer-
silicate structure for its formation. The hexagonal network of
silica tetrahedra apparently permits a complete replacement of the
vacant apical 0°~ positions by O™ to give a kaolin crystal struc-
ture. It might be that the layer silicate network acts as a frame-

work, on vhich 8i{-0 and Al-OH groups recombine from solution.

1 personal cammunication between Dr. R.J. McCracken, North Carolina
8tate College, and Dr. C.I. Rich, Virginia Polytechnic Institute.
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In acid conditions, the tetrahedral layer should be more
stable than the octahedral layer due to the high insolubility of
silica in acid media. A regrouping of the fragments of the tetra-
hedral layer could lead to the formation of kaolinite. A similar
mode of formation of the kaolinite sheet structure wvas suggested
by DeVore (1959).

An interesting idea on kaolinite formation was proposed by
Pamura and Jackson (1953), who visualized allophane, an smorphous
mineral, as an intermediate product in the mica to kaolinite trans-
ition, This idea is of interest since amorphous material apparently
vas present in the soil micas studied.

Effect of artifiecial weathering on charge relationships in mica--
One of the most striking results of the investigation was the stoi-
chiometry observed between K and Na loss and CEC gain of the Mica
OR vhen it was boiled in Ma-citrate following HCl treatment. Al-
though nére information is needed on this point, the results seem
sufficient to require reconsideration of the apparent decrease in
charge of dioctahedral micas during wveathering. It might well bve
that the relationship between CEC increase and K (or other sub-
stituted ions) loss is a stoichiometric one. Difficulties arige
vwhen materials extraneous to the mica enter the system and produce
non-stoichiometry by neutralizing the charge in a nonexchangeable
manner or changing the weight basis of calculation.
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The above example points out one of the main problems in study-
ing mineral weathering in soils. The eoil system is such a complex
one that it is difficult, if not impossible, to relate wvhat is pres-
ent in soils now to what the original parent rock was thought to be
prior to undergoing weathering. The approach to such a problem is
usually made through an interpretation of total chemical analyses,
but there are several criticisms to this approach when it is used
alone. There is the question of how to allocate elemental per-
centages to the various mineral components, to allow for elements
removed through dissolution, and to account for the effects of new
minerals that are formed upon weathering of the original minerals.
‘nn'ou@: various treatments, such as those used in this study, a
monomineralic specimen may be obtained, but it is doubtful that it
is an exact replica of the mineral in its original state.

Comparison of artificial weathering methods--Due to the fact that the
source material was not the same for all the various treatments used
in this investigation, a comparison of the different methods may not
be meaningful. However, it is felt that several general statements
can be made relative to the greater effectiveness of certain treat-
ments over others. In general, the boiling treatments produced great-
er alteration the higher the solution to sample ratio. Thus, more
drastic changes can be cbserved by employing small (-~ 20 mg.) samples
in large volumes of solution.

The boiling NaCl salt solution more effectively replaced K than
did Na-citrate. This is believed to be due to the greater degree of
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ionization of the salt and, hence, greater ionic strength of .
Sodiumm=-citrate is advantageous over NaCl, though, in that citrate
complexes Al and Fe. This characteristic of Na-citrate makes 1t
a better reactant from the standpoint of CEC studies. This is
sbown in the results of several boiling experiments (tables 11,
12, and 14). Aluminum is complexed by Ma-citrate; therefore, a
greater increase in CEC occurred following Na-citrate treatments
than vith acid treatments. But vhereas the acid treatments in-
creased the CEC much less than it decreased the K and Na contents,
the Na-citrate treatment increased the CEC above the amounts of K
and Na released. This latter discrepancy was accounted for on the
basis of smorphous material being removed during the boiling period.
It 1s likely that much of the amorphous material is mixed with the
mica and is replaced with difficulty. Apparently the brief (24 min-
utes) NaOH pretreatment does not remove all the amorphous material,
but the prolonged boiling in Na-citrate does remove 1it.

From the standpoint of ionization, one might conclude that
HCl1 should be more effective in weathering than HOAc. However, due
to its greater ionization, HC1l is a strong unbuffered acid. As a
result, the structure of the mineral is attacked rather than sub-
stitution of interlayer ions taking place. This wvas exemplified in
the 10% HC1 treatment of Mica OR. |

A criticism of all the methods employed could be that they are
not representative of natural weathering conditions in soils. Bow-
ever, the fact that the products formed by the artificial treatments
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are similar to the natural wveathering products formed in soils sug-
gests that the mechanism of mica alteration was the same. This
points out the fact that the approach to a given problem must not
alvays be a direct approach in order to give useful information.
Mechanisms of mica weathering--Finally, some speculations will be

made regarding the mechanism initiating mica alteration in soils.
The mechanism responsidble for the initial penetration of the mica
interlayers is difficult to envisage from the standpoint of rela-
tive sizes of the interlayer space and the penetrating ions. The
c-spacing of muscovite is 9.54% A. If the layers are completely
closed, as in the case of pyrophyllite, the c-spacing is 9.30 A.

The difference, 0.64 A., is approximately the distance between lay-
ers in muscovite. It is readily seen that this space will not per-
mit entry of any of the common cations or 520. The only possible
ion that could penetrate into the small interlayer space would be
the H' ion, but its occurrence is doubtful. The H ' ion has unique
properties. It consists of a charged nucleus, the proton, which has
no orbital electrons associated with it and #0 is exceedingly small,
It acts rather like a dimensionless center of positive charge. In
an acid solution, the fundamental ion is K3O+, vhich is similar in
size to the Hy0 molecule (Pimentel and McClellan, 1960). Perhaps,
then, the first step in mica weathering is not that of ion entry be-
tveen the mica layers, but is some precursory action vhich sets the
stage for ionic substitution. One possibility might be the attack

of acids on the sluminosilicate framework. It will be recalled that
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the 10% HC1 treatment removed only a very small amount of K (10 me.
/100 g.), yet there vas evidence of alteration of the mica structure.
The alteration probably resulted from changes in the octahedral
layer, since it is attacked first by acidic solutions. If the edges
of the octahedral layer are attacked first, it seems possible that
dissolution of the edges of the octahedral layers would remove the
'underpinnings' from the mica structure and allow the tetrahedral
layers to bend slightly toward each other. This would permit cations
and 1120 molecules to enter and initiate expansion. Once the initial
penetration has been made and stress placed on the interlayer sur-
faces, it would be expected that weathering would proceed more rap-
idly. After the initial entry, assuming that micas are exposed to
acidic agqueous solutions during soil formation, it is possible for

+-

the H.O fon to enter between the layers, replacing K+ ions. This

3
replacement of K produces a strong acid, comparable in strength to
perchloric scid (Psuling, 1960). As K '

forces holding the layers together are weakened, the internal sur-

ions are released, the

face betwveen layers becomes accessible to ions from the soil solu-
tion, and the CEC increases. It should be pointed out, however,
that & BT - or K3O+- saturated clay mineral is unstable and re-
mains H' -saturated only for a short time due to the hydrolysis

of AL™**1n the mineral (Coleman and Harward, 1953). The hydroly-
sis reaction produces Al~hydroxy groups, vhich may be described by
the general formula, u(on)z‘n . Of great importance is the fact

that the Al-hydroxy groups are positively charged and thus can
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satisfy the negative charge developed when the K ' ions are released.

Hovever, vwhen polymerized, these groups are non-exchangeable and,

&8 a result, produce an apparent decrease in CEC. The possible role
of other ions should mot be underestimated. In addition to AL'''ana
n3o+1n an acidic solution, Fe may influence weathering significantly
through its oxidation. Potassium and Na' ions released from mica also
are rate-detemining factors, no doubt.

Examination of the nature of the mica structure has revealed
certain properties that may influence the initial weathering mecha-
nism. Macroscopically, micas exhibit smooth, even cleavage surfaces
and they are assumed generally to have few irregularities along the
cleavage plane. However, Tolansky (1945) showed that the surfaces of
a mica sheet 1is violently eoﬁtorted and crossed by cleavage steps,
the heights of which appeared to be multiples of the e-spacing.

Smith and Yoder (1956) suggested that in muscovite the sheets of te-
trahedra collapse about the vacant octahedral sites and, as a result,
the cleavage surfaces appear buckled. It was their view that the in-
ferred distortion gives a direct linkage between the upper and lower
surfaces of each mica layer. If their view is correct, then it seems
plausible that certain stresses would exist in the dioctahedral mica
structure because of the different energies of bond control. Thus,
a8 mechanical breakage occurred, or chemical weathering took place
around the edges, the bond control may shift and cause other dis-
tortions of the mica surfaces. Once there is a distortion of suf-
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ficient magnitude to permit entry of cations and nao, veathering by
ionic substitution could proceed as previously described.

Coexistent Sodium-Potassium Mice
The occurrence of the Na.mica, paragonite, in intimate associa-
tion with the K-mica, muscovite, is belleved to be an important find-

ing. To the writer's knowledge, paragonite in Virginis has been re-
ported only once previously (Dietrich, 1956). The materials studied
by Dietrich were designated as Wissahickon on the Geologic Map of
Virginia (Stose, 1928), the same designation given the material de-
noted as Candler phyllite in this study., Not only is the fact of its
occurrence significant, however, but the implications regarding the
role of paragonite in soil genesis are significant also.

The relatively constant l:1 ratio of Na and K in the phyllites
and soils indicate that muscovite and paragonite weather at similar
rates. The interesting question arises as to the manner of mixing
~ of the two micas that can account for this cbservation. The x-ray
diffraction results suggest a random mixing of paragonite and mus-
covite. The (002) spacing of 9.80 A. is intermediate between the
muscovite (10.0 A.) and paragonite (9.60 A.) spacings, and the high-
er orders are non-integral with respect to the (002) spacing. It
is believed that the 24 stacking sequence is of parsmount impor-
tance and cannot be overemphasized with respect to the way altera-
tion occurs. If weathering proceeds faster between two-layer
"packets" than between individual mica layers, as suggested in the
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earlier discussion, then one would expect a “"stripping” of alternate
layers, wvhich would result, on the average, in equivalent amounts of
X and Ma being removed.

An indication of the extent of solid solution may be ascer-
taimdfmthcdegreooflhiftinthegomeinyofthcmummh
vhen they exist in solid solution (Bugster and Yoder, 1955). Since
the shift in c-spacings was negligible, it was concluded that only
a very small amount of solid solution existed within each phase.

This is in agreement with the findings of Bugster and Yoder (in Abel-
son, 1955), who observed the smallest extent of solid solution in
fine~grained micaceous phyllites than in all other types of rocks
examined that contained muscovite-paragonite mixtures. Evidently,
 then, muscovite and paragonite occurred primarily as a mechanical
mixture, but they could be mixed so intimately that separation on the
basis of small differences in density is impossible.

The effect of the difference in ionic sigzes of Na and X is
reflected in the Sy iattice parameter for muscovite and paragonite.
The difference in c-spacing, 0.40 A., 1is of the order of magnitude
that would be sexpected from consideration of the ionie radius of Nat
(0.97 A.) versus that of K (1.33 A.). The 8, and b, parameters
are unaffected; thus, the only basic structural difference between
paragonite and muscovite is the geametric configuration of the inter-
layer cation and surrounding anions. As a result, the prime factor
governing the rates of weathering in muscovite and paragonite should
be the relative ease with which the layers contracted around the ¥a'
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andx+1ons can be expanded.

In sddition to the similarity in rates of westhering of musco-
vite and paregonite in the rocks and soils studied, the kind of wea-
thering of the two micas appears to be similar. This conclusion 1is
deduced from the nature of one of the weathering products, wmcui.‘l.tc,
vhich has the same characteristics vhether formed from & K-Na mica
or a predominantly K-mica. As XK' and Fa™ are released from their
fixed interlayer positions and made exchangeable, one should expect
the Na-vermiculite to be more expanded than K-vermiculite due to dif-
ferences in the hydrated character of the two ions. Hofmann et al.
(1956) observed that Na-vermiculite expanded to 1k.9 A. when xzo vas
added, vhereas K-vermiculite in H 0 had only a 10.k A. spacing. Per-
haps the intimate mixing of the two micas inhibits the independent
action of Na and K , causing the whole system to behave as if it
vere K-vermiculite. Furthermore, upon wveathering, _:195 is no
 longer strictly K-or ¥a- mica, but an AL*'T, Eu(cm)n a K, Ma
mica.

Excellent vork on the occurrence and field relations of para-
gonite and the muscovite-paragonite Jjoin has been done at the Geo-
physical laboratory of the Carneglie Institution ot Washington by
Dr. H.B. Yoder and Dr. H.P. Eugster. Reference will be made to their
equilibrium diagram, nproduced as figure 4k, in discussing the
interrelationships between paragonite and muscovite. It is readily
seen that two phases of solid solution exist, namely, paragonite in
muscovite, and muscovite in paragonite. The maximm amount of solid
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solution is very limited within each phase, only about 20 mol per
cent at the highest temperature. This is further indication that the
micas studied are essentially mixtures of the two phases of solid
solution, vhich consist primarily of muscovite and paragonite, re-
spectively.

Referring to figure Ll again, it can be deduced from the posi-
tion of the determined points that a mixture of paragonite and musco-
vite breaks down at a slightly lovwer temperature than a pure musco-
vite. Although the temperatures of concern in soils are much less
than the decomposition temperature, one may assume fram the diagram
that the addition of Fa to muscovite decreases the ltl.bil‘.lty‘of Buse-
covite. As indicated earlier, the Ma’ 10n(0.97 A.) 1is considerably
smaller than the K' ton (1.33 A.). It is apparent, therefore, that
in the solid solution consisting primarily of K, K, the Na' tons
could oscillate more easily than the k" 1ons and, hence, could ex-
change more readily. Such a mieca would be weathered easier than
either pure muscovite or paragonite. Moreover, it is likely that the
predominantly paregonite phase of solid solution, hx, would weather
more easily than either pure muscovite or paragonite because such a
mica 18 under a strain to expand to a Kisize interlayer and in doing
80, the Ma'would be more easily removed. In both cases Ky and Na,
as soon as the llcf_bcgiu to come out, there is more expansion and kt
also is exchanged.

It is very probable that the mixed composition of the micas ac-
counts for their rapid alteration in the laboratory boiling experi-
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ments, vhereas specimen-type muscovites were highly resistant to such
treatments. HNevertheless, the stability of the Na-K mica apparently
is very high. This is indicated by its persistence in the surface
horizons of soils despite the fact that weathering forces have been
in action for millions of years. |

It 18 a moot point vhether the presence of paragonite in mica-
cecus 80il parent material justifies a reclassification of the soils
overlying it. The micas in the Piedmont area have always been con-
sidered to be K-micas only. Many stulies (e.g., Reitemeier et al.,
1951) have indicated varying degrees of availability to plants of
K released from mica duripng weathering. However, Na may not be
used by plants in the same way a8 K. Thus, from an inherent fertil.
ity standpoint, soils developed from paragonite or paragonite-
muscovite mixtures may be quite different from those developed from
muscovite,
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SUMMARY

One of the purposes of this investigation was to examine the
apperent non-stoichiometric relationship between loss of K and in-
creagse in CEC of dioctahedral micas during veathering. 7The problem
was approached from the standpoint of artifieially weathering rela-
tively pure soil micas in the laboratory and following the loss of
K ( and Na in certain cases) and increase in CEC. Micas used in
the artificial weathering studies consisted of a phyllite from Orange
County and two micaceous samples from soll parent material in Orange
County and Prince William County.

The most fruitful results were obtained from boiling the micas
in various kinds of solutions. The results of the boiling treat-
ments are suwmarized as follows:

1. Boiling 0.20 N HOAG released considerable amounts of K and
Na, produced slight expansion of the mica, but no increase in CEC re-
sulted. The high acidity apparently released large amounts of Al,
vhich hydrolyzed later to form non-exchangeable, positively charged
Al-hydroxy groups that blocked the exchange sites.

2. Boiling 5 N NaCl and 5 N MgCl, removed K preferentially to
Na, produced considerable expansion, but the CEC increased only about
1/3 the amounts of K and ¥a removed. The reason for the small in-
crease in CEC vas believed to be due also to the blocking mechanism
of hydroxy-Al groups. This is supported by the fact that salts tend
‘to enhance Al-hydrolysis.
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3. Boiling N Na-citrate removed K effectively, produced sig-
nificant expansion, and increased the CEC more than could be ac-
counted for by K loss. The high CEC probably resulted from the come
plexing of Al by citrate.

k. Removal of amorphous material with 10% HCl prior to Na-
citrate boiling helped achieve stoichiometry between K loss and CEC
gain., Therefore, amorphous material probably is more important in
veathering than previously recognized.

5. Boiling treatments caused the formation of vemmiculitic
material resembling that found naturally in soils. This suggests
that the mechanism of mica alteration in the artificial treatments
is similar to that ocourring in nature.

6. Boil micas weathered more easily than an Ontario musco-
vite. This indicates that soil micas may be quite different from
specimen muscovites. Reasons which could aceount for this difference
are a lover charge in the soil micas and perhaps less structural con-
trol than in the specimen-type muscovite micas.

T. Differences in weathering of dioctahedral and triocta-
hedral micas likely are due to the Al in dioctahedral mices. In
addition to its greater ionic bonding than Fe or Mg, Al also hydro-
lyzes, which encourages the formation of hydroxy-Al polymers.

The second part of the investigation developed as a result of
the interesting and significant occurrence of paragonite in associa-
tion with muscovite in phyllites and socils. The following conclusions
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vere made from this part of the study:

1. Paragonite and muscovite occurred in a l:1 molar ratio in
the phyllites and soils. This seems to indicate similar weather-
ing of the two mices, and also suggests that paragonite has a rather
persistent nature.

2. Paragonite perhaps is of wvider occurrence than previous wvork
has indicated. Its influence in soil formation may be significant,
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ALTERATION OF DIOCTAHEDRAL MICAS IN S0ILS

Abstract

Artificial and natural veathering studies were conducted on four
dioctahedral micas found in soil perent material of the Virginia Pied-
mont. Emphasis was given to the relationship between loss of K (also
Na in certain cases), increase in CEC, and expansion characteristics.

Boiling treatments with several different solutions vere used
to promote artificial wveathering. In texms of the three pareameters
of primary interest, the results wvere of three general types, depend-
ing upon the mature of the boiling medium. Boiling solutions of HCl
and HOAc removed K and Na, but produced only slight expansion and a
negligible increase in CEC. The acid solutions, being at low pH,
liberated from the mineral large amounts of Al, vhieh likely under-
went hydrolysis later to form hydroxy-Al polymeric groups. These
groups can occupy exchange sites, but they remain nonexchangeable.
Boiling salt solutions of NaCl and MgCl, removed K and Ka in large
amounts, produced considerable expansion, but only a slight increase
in CEC resulted. The explanation for the small increase in CEC was
believed to be due also to blocking of exchange sites by nonexchange-
able hydroxy-Al groups, because salts tend to accelerate the hydroly-
sis reaction. A boiling Na-citrate solution removed X effectively,
produced marked expansion, and caused a large increase in CEC. Citrate
complexes Al, which probably accounted for the high CEC. When a
sample wvas treated with hot HCl prior to Ma-citrate boiling, the loss



of K and increase in CEC was stoichiometric. The equivalence was
attributed to the removal of amorphous material by HCl and complex-
ing of Al by Na-citrate.

Vermiculite and kaolinite were the natural wveathering pro-
ducts of the dioctahedral micas studied. There was & striking
similearity between the artificially-produced vermiculite and that
occurring under natural conditions. The product formed under both
cireunstances expanded to approximately 14 A. when glycerol-solvated
and contracted to 10 A. upon K-saturation and heating. Although the
artificial weathering media were not representative of natural wea-
thering conditions, the basic mechanism of mica alteration apparently
wvas similar,

The soil micas altered easily in the laboratory compared to an
Ontario muscovite. Thus, it wvas concluded that soil micas are quite
different from the specimen-type micas. They may possess a lower
charge or lack the structural control of specimen muscovites.

The difference in ease of weathering between dioctahedral and
trioctahedral micas likely is attributable to the difference in chemi-
ecal composition, especially in the octahedral layer. Dioctahedral
micas appear to be more strongly bonded than trioctahedral micas as
a result of the higher-charged Al*** fon in the octahedral layer.
This stronger bonding would tend to restrict initial alteration. 8ub-
sequent alteration also would be hindered because, as weathering
proceeds, greater hydrolysis of Al in dioctahedrel micas would re-
sult in more fixation of positively-charged hydroxy-Al polymers in



the interlayer position. This fixed Al inhibits expansion of di-
octahedral micas. In trioctahedral micas, which contain Fe and/or
Mg, this type of fixation does not occur during acidiec weathering.
A significant finding was the occurrence of paragonite, the
Na analogue of muscovite, in intimate association with muscovite.
A relatively constant Na/K molar ratio of approximately cne was
maintained in both the parent rocks and soils. This indicated that
equal molar qmntiuen of paragonite and muscovite were present and
that wveathering of the two micas was similar. Paragonite is be-
lieved to be of more widespread occurrence than previous work has
indicated. Its influence on soil genesis, morphology, and clas-

sification may be significant.
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