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THE MICA IN ARGILLACEOUS SEDIMENTSt
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INrnolucrroN

The determination of the mineral compositionl of a variety of soils,
clays, and shales, mostly from Illinois, has revealed in many of them a
constituent belonging to the mica group of minerals and somewhat
similar to muscovite, heretofore referred to as the "sericite-like" mineral.
Other investigators2 have noted what is apparently the same mineral in
similar sediments, describing it as resembling muscovite, but as difiering
from it by containing less potash and more water. It has been called
"hydromica" or sericite, the latter term being used because some of its
physical properties appeared to be similar to those which have been
associated with the mineral sericite.

Recently Endell,3 Hofmann, and their co-workers have described a
mineral from argillaceous sediments as "glimmerton," which has the
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same optical and r-ray propertiesa and mode of occurrence as the "seri-
cite-like" mineral. It is probable that the mineral described by Ross and

Kerr6 as the t'potassium-bearing clay mineral" is also similar to the

"sericite-like" mineral. Values given by Ross and Kerr for indices of
refraction and birefringence are somewhat lower than those of the ma-

terial herein studied, but the presence of small amounts of impurities,
such as q\artz and beidellite, would account for these variations and

also for the very high silica-to-alumina ratio -shown by their formula

approximately representing one sample.
Thus, there is no doubt that a mineral belonging to the mica group is

a common constituent of argillaceous sediments. So far as is known, no

attempts have been made to study this material in detail. Frequently it

is found intimately mixed with other clay minerals in a very fine particle

size so that analytical data concerning it are difficult or impossible to
obtain. By the use of supercentrifuge fractionation techniqueo it has now

become possibJe to obtain the mineral in a relatively pure state in certain
fractions of colloidal size, from several shales, clays, and slightly weath-

ered tills. The purest samples have been obtained in the fraction com-
posed of particles varying from about 0.1 micron to about 0.06 micron
in diameter,? which has been designated as the fine colloid fraction. This
paper presents the results of a detailed investigation of this purified

material.

NoupNcr,aruRE oF rnn Mrca MrNBnar. rN
Ancrr.racrous SDDTMENTS

The question arises whether the mica mineral in argillaceous sediments
should be (1) classed with some species of mica, such as muscovite,
phengite, or damourite, (2) denominated as sericite, "sericite-like,"
"hydromica," or "glimmerton," or (3) designated by a new name.

The data herein presented show that it is not possible to designate the
mineral as muscovite, phengite, or any other recognized mica species
because (1) it possesses important differences in composition from those

assigned to other mica species, (2) it is formed as an authigenic minerals
in argillaceous sediments soon after deposition from the original debris
and also probably as an alteration weathering product, whereas musco-

a This sirnilarity was determined following an interchange of material by Hofmann

and Grim. X-ray analyses were made on the exchanged material by Hofmann; optical

analyses by Grim.
6 Ross, C. S., and Kerr, P. F., The clay minerals and their identity: Jour. Sed.. Pet.,

vol .  l ,  p.  59,  1931.
6 Bray, R. H., Grim, R. E., and Kerr, P. F.r ld'em,1935.
7 Bfiective diameter as calculated from Stokes' law.
8 Grim, R. E.,Id.em,1935.
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vite and other species of mica have mainly a different mode of origin as
igneous or hydrothermal minerals, (3) it occurs in situations difierent
from those in which most muscovite and other mica species occur, and
(4) it is found in a physical state that does not convey the usual concep-
tion of the properties of muscovite. The mineral occurs commonly in
particles less than one micron in diameter, and consequently a mass of
it appears unlike a mass of sheets of muscovite. Thus, it would be con-
Iusing to designate soil colloidal material by the name muscovite or
some other recognized species of mica.

Similarly, it is not desirable to class the mineral as sericite, "sericite-
like," "hydromica," or "glimmerton." The use of the term sericite has
been varied. As a mineral name, sericite has been loosely used for ma-
terial difiering from muscovite only in its physical characteristics. Some
material designated as sericite has been shown to differ from muscovite
by containing less potash and more water,e or by variationslo in other
components. Rogersll has suggested that the term be restricted to a low
temperature hydrothermal mineral. Sericite may indicate, therefore, a
white mica with certain attributes of physical properties, chemical com-
position or origin, depending upon the user of the term. IJnavoidably
such diverse usage has led to confusion so that at the present time a
precise concept is not conveyed when a mineral is designated as sericite.
It means only a white mica which the user of the term has not wished to
class as muscovite for some reason which is usually not stated. If the
term sericite were to be used for the mica in argillaceous sediments in
any definite sense it would require a specific new definition on the basis
of composition and occurrence which would eliminate some material
previously included under it. The present confusion regarding the term
sericite would be increased by placing the mica herein considered under
this term.

The terms "sericite-like," "hydromica," and "glimmerton" (clay
mica) are not satisfactory means of designating the material. "sericite-
like" is undesirable because of the vagueness of the signif.cance of seri-
cite, as discussed above. "Hydromica" implies any mica more highly
hydrated then muscovite, and although the mica herein considered is
more highly hydrated than muscovite, its composition difiers from mus-
covite and all other micas in other important ways, as will be shown.
Moreover, other micas difiering from it in occurrence or in some phase of

e Shannon, E. V., The minerals of Idaho, [/. S. N at. M us., B till. l3l, 7926.
r0 Niggli, P.,Zur Ztsammensetzung und Bildung der Sericite: Schweiz. Miner. u. Pdrog.

Mi.tt.,vol.13, pp. 84-90, 1933.
1! Rogers, A. F., Sericite, a low temperature hydrothermal mineral: Ec. Geol., vol. ll,

pp. 118-150, 1910.
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composition may be more highly hydrated than muscovite and are,

therefore, "hydromicas." The term "glimmerton" implies nothing of

composition or relation to other micas, but only a mica occurring in

clays. A more specific term is needed-to indicate for example, that the

clay mineral mica in argillaceous sediments is distinctive from previously

named species.
There remains only the alternative of giving a new name to the mica

occurring in argillaceous sediments, and the term illite, taken from the

State of Illinois, is here proposed. It is not proposed as a specific mineral

name, but as a general term for the clay mineral constituent of argilla-

ceous sediments belonging to the mica group. Many additional analyses

must accumulate before the limits of variation oi illite are known, and

therefore, before it can be specifically named. The writers favor the use
of a new name at this time before all limits of variations are known for

the following reasons. (1) Because of difierences from other mica min-

erals in composition, occurrence, and origin, a new name or new names

for the clay mineral mica in argillaceous sediments will be required. It
will cause no confusion to apply now a new general term to this material

although future analytical data may make it possible to difierentiate
what is here included in illite into separate species with specific names,
in which case the term illite may be utilized as a group or family name'
(2) Petrographic analyses of clays, soils, and shales so urgently require

a name to describe this common constituent that it is believed that a

new name is fully justified at this time. The additional analyses neces-

sary for specific naming will require a considerable interval of time to

accumulate. The least confusion in solving the problem will arise if the
required analytical data can be gathered under a definite term.

It is probable that mica similar to that herein described may occur

in argillaceous material formed as a weathering product. Although such

material may not be found in sediments, the writers favor calling it

illite if the material cannot be classed with recognized mica species and
if it is similar to illite.

ANarvrtcar, Dara ol frrrrp PunrlrBl lnon
L-r.rNors Marpnrer,

The following analytical data are representative examples of the data
obtained from a very large number of samples of purified illite from

slightly weathered tills, clays and shales from Illinois which have
been studied. X-ray and microscopic study with high magnification
(1500X) indicate that samples obtained from the Maquoketa shale
from Calhoun County, and from the Pennsylvanian underclay from

Vermilion County (Nos. 1 and 2 of Tables 1 and 3) are the purest illite
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samples investigated. The data from them are, therefore, most signifi-
cant. Samples 3 and 5 (Tables 1 and 3), containing admixed pigmentary
limonitic material, and sample 4 containing a small amount of quartz,
are included to represent the character oI the information obtained from
less pure material.

Some analytical properties of certain clay minerals vary with the
exchangeable bases which the minerals may contain. Thus, in giving
analytical data it is desirable to state the exchangeable bases contained
by the analyzed material. The samples herein analyzed contain ammonia
as the exchangeable base.

The very small size of the individual particles in the fine colloid frac-
tions has made it impossible to determine all physical properties. The
mineral is gray, light green, or light yellow-brown and is micaceous in
habit.

By carefully drying aqueous suspensions containing the mineral, it
has been possible to obtain aggregates in which the individual particles
all have about the same crystallographic orientation.l2 Optical and
tr-ray measurements have been made on these aggregates which can be
studied like large single flakes.

Opl.ical data.

The optical data are incomplete because the aggregates on which the
measurements were made provide scant information concerning the
crystal form and orientation of the mineral. Aggregates were found per-
mitting the determination that 2V is equal to about 5". An occasional
anomalous uniaxial f igure can be found. 8,,(:X) is nearly :6.

The indices of refraction in Tabte 1 were made using liquids which are
mixturesls of medium Government oil (Cro * Hzz t; n: L466) and mono-
chlor-naphthalene (CrcHzCl; n: I.633). Marshall la suggested, and Cor-
rens and Mehmell5 and von Barenl6 have shown, that the indices of
some clay minerals vary for different immersion liquids. Sample 1 was
mounted in bromobenzene plus iodobenzene (n:1.609), iodobenzene
(n:1.616), and quinoline (n:1.625). According to von Baren, these
liquids are most active in influencing optical values. In the first two

12 Bray, R. H., Grim, R. E., and Kerr, P. F., Idem,1935.
13 Glass, Jewell J., Standardization of index liquids:,4na. Mineral., vol. 19, pp. 459-

465,1934.
la Marshall, C. E., The orientation of anisotropic particles in an electric field: Trans.

Farodny Soc., vol. 26,pp. 173-189, 1930.
16 Cortens, C. W., Mehmel M., Uber den optischen und riintgenographische Nachweis

von Kaolinit, Halloysit, und Montmorillonit; Zeits. Krist., vol.94, pp. 337-348, 1936.
10 von Baren, F. A., Uber den Einfluss verschiedener Fliissigkeiten auf den Brechungs-

index von Tonmineralien: Zeits. Krist., vol. 95, pp. 464469,1936.
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liquids, the indices of refraction remained unchanged, in quinoline they

were raised slightly. It can be concluded that illite's optical properties

may be slightly influenced by a few liquids. This is in agreement with the

concept that the optical properties of clay minerals with relatively low

base exchange capacity (see pages for exchange capacity values) are

influenced to the smallest degree by immersion liquids.

Tesln 1 Oprrcar, Pnopontrns ol k-r-rte es DnrnnurNpo oN Accnncatns ol Punn'rel

Sample No.

7
^r- a
srgn
2V

1 .598
.033
( - )

5o+

1 .588
.033
( - )

5 "+

1.605
.  UJJ

( - )
small

1 .588
.033

( - )
small

1 .610
.035

( - )
small

1. Fine colloid fraction. Maquoketa (Ordovician) shale near Gilead, Calhoun Co.,

Illinois.
2. Fine colloid fraction. Pennsylvanian underclay, near Fithian, Vermilion Co',

Illinoisr
3. Fine colloid fraction. Slightly weathered till, IVb horizon Clarence soil, Ford Co',

Illinois.
4. Fine colloid fraction. Cretaceous shale, near Thebes, Alexander Co., Illinois'

5. Fine colloid fraction. Pennsylvanian shale near Petersburg, Menard Co., Illinois.

It is well known that certain anomalous optical characteristics ("Form-

doppelbrechung" and "Eigendoppelbrechung") are obtained from ag-

gregates of uniformly oriented minute rod-shaped or flake-shaped iso-

tropic particles when they are placed in liquids. According to Ambronn

and Frey,l7 variable double refraction and uniaxial interference figures

are produced when such aggregates are mounted in varied index of

refraction liquids, and when the size of individual particles is small in

relation to the magnitude of the wave length of light used. Biaxial figures

and variable double refraction are obtained under similar conditions with

anisotropic particles. As the double refraction characteristics of the illite

aggregates were found to be the same when deteqmined in liquids with

n ranging from 1.50 to 1.70, it can be concluded that the optical values

are not influenced by "Formdoppelbrechung" or "Eigendoppelbrech-
ung."

It has been shownls that the indices of refraction of certain clay min-

erals vary with loss of water as the temperature is raised to about 200'C.

Figure 1 shows that the indices of refraction of illite increase on heating

to low temperatures. The values on which Fig. 1 are based were made by
1? Arnbronn, H., and Frey, A., Das Polarisationsmikroskop. LeiQzi,g,1926-
18 Correns, C. W., Mehmel,M., Idem.,1936.

Metrnter, lr Roou TnUpERATTJRE
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allowing small fragments oI the material placed on a glass slide to remarn
in an oven at a given temperature for several hours. The slide and speci-
men were then removed and the index was measured immediately by the
immersion method. Because of the tendency of the clay minerals to
take up water rapidly, and because of the influence of temperature on
index liquids, the values have no high degree of accuracy. The errors
would tend to reduce the observed values below the true values. Figure
1 shows also that the indices of muscovite ground to -Ip. increase less
than those of illite when heated to the same temperature. Only aggre-
gates of the - 1p muscovite showing random aggregate orientation were
available so that mean values alone could be determined.

819
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Frc. 1. Relation of index of refraction of illite and muscovite to temperature changes.

No. 1:z values for illite, sample I of Table 1
No. 2 : mean values for - le muscovite.

Data for samples 1 and 2 (Table 1) obtained under the same condi-
tions indicate that the optical properties of illite may show slight varia-
tions. Such variations are to be expected in view of the fact that the
chemical composition may vary slightly (Table 3). Correns and Mehmelle
have published results suggesting that for montmorillonite the indices
of refraction increase with the Mg content. For illite sample t has a
higher MgO content and higher indices of refraction than has sample 2.
Data are not at hand to evaluate the influence of all components of clay

re Correns, C, W., Mehmel ,M,, Idem,,1936.
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minerals on their optical properties, so that it must not be concluded that
a variation in the MgO content of illite is the only variation in composi-
tion whrch rnfluences optical properties.

The optical properties of illite are similar to those of muscovite except
for a smaller value for 2Y, and a greater variation of indices of refraction
on heating to low temperatures. According to Dana,2o 2V diminishes in
micas, relatrvely, as the silica increases, from which it would be antici-
pated (see chemical composition) that 2V for illite would be smaller than
for muscovite.

X-ray ilata.*

Difiraction data for muscovite, illite (Sample 1 of Table 1), and seri-
cite21 from the Longfellow mine in California are given in Table 2.
Columns one and two give the indices and calculated values of d'nrt
for muscovite using the data of Jackson and West.22 Column three gives
values of F for one molecule calculated from data of Jackson and West
and from the present data. Columns four to six give observed values
of d and estimated relative intensities for the indicated samples. The
breadth of the difiraction lines increases in the order: muscovite, Long-
fellow sericite, illite; but no significant variation in d is found. Powder
difiraction diagrams of the illite show only a faint haze between d
:4.47 h and. d.:3.314, but diffraction from a uniformly oriented flake-
shaped aggregate of particles shows perceptible reflections in the 111
and 021row lines as indicated1' l3l and 201 arc also more easily recognized
in the flake diffractions.

The unit cell of illite seems to be shorter by about one-third of one
per cent than the unit cell of muscovite, possibly because of its somewhat
lower KrO content (see chemical data). Except for this slight difference,
the only crystallographic variation between the muscovite, Longfellow
sericite, and illite is in particle size, or equivalently, in the perfection of
crystallization.

It has been shown2s that the chemical composition of structures of
this type can vary appreciably without pronounced changes in the dif-

20 Dana, E.S.,Tertbooh of Mineralogy, Edited byW. E. Ford. J. Wiley and Sons, New

York, 1921.
+ I)ifiraction patterns were obtained in the laboratory of the University of Illinois

through the cooperation of Professor G. L. Clark.
21 Samples of the sericite were obtained from Prof. P. F. Kerr, Columbia University,

New York, N. Y.
22 Jackson, W. W., and West, J., The crystal structure of muscovite: Zeits. Krist , vol,.

76, pp. 2ll-227, 1930.
23 Marshall, C. E., Layer lattices and the base-exchange clays: Zeits. Krist, vol. 91,

pp. 433-449,1935.
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Muscovite calculated from Jackson
and West with some additions Muscovite

observed
(powder)

Sericite
Longfellow

mine, observed
(powder)

Illite
(Sample 1 of
Table 1) ob-
served (flake
and powder)

F f o r l
molecule.
Calc. for

MoKa

1 5  . 5
z 5 . o

4
19
20
1 l
9
4
8
9

t9
2r
6

.38
24
40
38
12
J J

29
33
35
J '

29
43
+o

38
18
56
25
1 A

46
J I

.)r
18
20
18

10
2 l
34
t9

o02
004
020
110
1 1 1
021
1 1 1
112
022
112
113
o2s
1 1 3
1 1 7

024
006
lt4
1 1 5
025
1 1 5
116
l J l

200
1 1 6
131
202
132
008
tJz

133
202
204
133
134
040
221
041
220
I J J

22r
223
222

Calc.
dn*t

9 . 9 6
4 . 9 8
4 . 5 1
4.48
4.45
4.40
4.295
4.215
4 . l l
3  .965
3 .865
J .  I J

3 .58
3 . 4 8
3 . 3 4
J . J Z

3 . 2 0
3 . 1 1
2.987
2.8 ,62
2 . 7 8 5
2.592
2 .580
2 . 5 7 0
2 .560
2 .555
2 . 5 4 5
2 . 4 9
2.485
2.458
2.441
2.387
2.380
2 . 2 6
2 . 2 5 5
2.245
t  n A

2.2s8
2 .228
2.205
2 . t79
2 .142

9 . S 8
4 . 9 7

n  t ,

S

w

m

ww

ww

9 . 9 9
4 .98

4 . 4 7

s
m

4 . 2 9  w

4 . l l  w
3.95  , ,  ww
^ ^ -  o D
. t - 6 /  m
3 . 7 2  m
3 . 5 5  w w
3 . 4 7 5  m

3 . 3 2  s s
3 .2O m-s
3 . 1  w w
2 . 9 8  s
2 . 8 6  m
2 . 7 8  m

2 . 5 8 5  w

9 . 9 6
4 . 9 7

4 . 4 7

1 . J

SS

S

4 . l l  w
3 . 9 5  , ,  w w
- ^ -  o D
J . 5 /  m

J . / J  S

3 . 4 4  s

3 .32  ss
3 . 2 2  s

2 . 9 9  s
2 . 8 5  m
2 . 7 7  m

2 . 5 8  w

2 . 5 6

2 .50

2 .45

2 . 3 8

2.235

J .  '

3 . 4

J . J I

3 . 2

2 . 9 8
2 . 8 4

2 . 5 6

2 . M

2 .38

)4

2.560 ss

2 . 4 9  w

2.46 \ry
ww

2 . 3 9 0 , ,
2 .376 

( ID m

2.245bd w



Tesrn 2. (Continuetl)

Muscovite calculated from Jackson
and West with some additions

F f o r l
molecule

Calc.
for MoKa

33
l o

36
29
t4
t4
7

J /
a n

23
. ) t

18
9
1

56
18
20
18
50
4I
65
65
I O

15
2 l
n n

6
6

?o

45
. ) l

26
28
30
. ) t

26
30
32

Muscovite
observed
(powder)

2 . 1 4
2 . 1 3  

( r D  m

2 .05

1.991
1 . 9 5
1  . 8 3
l -  / o

1 .654

1 . 6 4
I  .60
1  . 5 5
1 . 5 2

1 .504

Sericite
Longfellow

mine,
observed
(powder)

Illite (Sample 1
of Table 1)
observed
(flake and
powder)

Indices
Calc.
dwrt

2.r42
2.136
2 . 1 3
2.O98
2 . 0 7
2 . 0 5 4
2 . M 2
1.99r
1 .948
r .605
1 . 7 5 6
1 . 7 1 5
1.660
I .660
1 . 6 5 7
1 .640
r .602
1 .555
1 . 5 1 4
1 .509
1.503
1.498
1.486
1.483
1.480
t . 4 2 3
r . s7 r
1 .345

1 .30
1.296
r.290
1 .288
1.289
1.287
1 .263
1.245
r.245
r .242

206
043
I J J

I J O

223
OM
136

0010
206
046
138
208

0012
1310
2010

312
313
314

1310
20lo
060
331
062
JJ5

J J I

0014
J J /

335

260
402
.+00
068
339
J J '

402
.106

0016
264

s
w
ww
w

m
'!Y

,w

w

m
w

w

m
ww

1 .65

1 . 6 4

2 . t l

1 . 9 8

1 .50

r . 34

1 . 2 9

1  1 A

ww 2 .05

t . 3 M
1 .335

m
w

w
w

1.295 bd  w

1.245 bd  w

Observed difiractions were obtained with CuKa radiation.
Key: ss:very strong, s:strong, rn:mediurn, w:weak, lt'w:very weak, db:dis-

cernible doublet, bd: broad.
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fraction pattern. Although illite differs somewhat in chemical composi-

tion from muscovite, it is not surprising, therefore, that it should possess

about the same structure.
The illite sample (Sample 1 of Table 1) does not contain difiraction

lines of quartz.

Chemical data.

Computed on the basis of the analyses of the purest samples (Nos. 1

and 2 of Table 3), the composition of illite may be approximately ex-

823

SiOz
AIzOa
FezOa
FeO
Mgo
CaO
NarO
KzO
TiOz
Ign. Losst
Total
H:O*
H:O-
SiOr/R 03
SiOz/AhOa

50.  10
25.r2
5 . t 2
1 < t

3 . 9 3
0 . 3 5
0.05
6.93
0 . 5 0
6 . 8 2

100.44
7 . 1 8
1 . 9 0
3.00
3 .39

5r.22
25.91
4 . 5 9
| . 7 0
2 . 8 4
0 .  1 6
0 . t 7
6 .09
0 . 5 3
7 . 4 9

100 .70
7  . 1 4
1 . 4 5
3 . 0 2
3  . 3 6

47 .2r
2 r . 4 7
10.73

3 . 6 2
0 . 2 r

10.99
100.01

6 . 1 7
3 .80
2 .84
3 . 5 1

52.23
25 .85
4.04

2 . 6 9
0.60
0 . 3 3
6 .56
o.s7
7 .88

100.55
7 .88
1 . 1 3
3 . 1 3
3 . 4 3

44.0r
2 6 . 8 1
11 .99

2.43
0 . 1 1
0 . 0 7
4 . 7 8
0 . 6 4
9 . r 9

100.03
8 .03
2 . 3 3
2 . 1 7
2 . 7 9

1. Fine colloid fraction, Maquoketa (Ordovician) shale, near Gilead, Calhoun

County, IIl.
2. Fine colloid fraction, Pennsylvanian underclay, near Fithian, Verrnilion County, III.

3. Fine colloid fraction, slightly weathered till, M horizon of Clarence soil, Ford

County, fll.
4. Fine colloid fraction, Cretaceous shale, near Thebes, Alexander County, Ill.

5. Fine colloid fraction, Pennsylvanian shale, near Petersburg, Menard County, Ill.
* Analyses 1,2,4 and,S were made under the supervision of O. W' Rees, Associate

Chemist, Illinois State Geological Survey; analysis 3 was made under the supervision of

R. H. Bray.

t The loss on ignition values for samples 1,2,4 and 5 are based on material dried to

110'C.; for sample 3 it is based on air dried material.

pressed as 2K2O'3MO'8R2OB. 24SiOr I2H2O. Considerable analytical
work shows that the composition of the mineral is subject to some slight

variation. Additional analyses of purified material must be gathered

before the exact limits of the variations are known.

Tanr,a 3. Cnnurcel Analvsrs ot h.r-rtn*
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It is noteworthy that i l l i te has a SiOz to RzOa ratio of about 3. This
ratio higher than 2, which is generally characteristic of most mica, is
not the result of admixed qttartz or other minerals, such as pyrophyllite,
with high SiOz to AlrOs ratios, as the r-ray and optical analyses of
samples I and 2 show that these samples consist of a single mineral.
The MgO and FeO (MO) content are of sufficient magnitude and uni-
formity to require a place in the formula. The KzO and H2O contents,
which are relatively low and high, respectively, for micas, are also
noteworthy.

o  200  400  600  600  t ooo
TEMPERATURE OC

Frc. 2. Dehydlation curves of illite and muscovite.

No. l-Sample 1 of Table 1.
No. 2-Sampie 2 of Table 1.
No. 3-Very linely ground muscovite.
No 4-- 100 mesh muscovite (coarser than 3).

Curves 3 and 4 after Kelley, Jenny and Brownl Soil Sci.,1936.

Samples 3,4 and 5 are less pure than I and 2. Samples 3 and 5 contain
admixed limonitic material, and sample 4 contains quartz. The presence
of these constituents must be recognized in considering the significance
of the analyses of the samples.

Dehydrotion data.

Dehydration curves (Fig. 2) obtained from illite resemble more closely
the curve for very finely ground muscovite than that of - 100 mesh
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muscovite or those of other clay minerals.2a Dehydration data for other

micas are not available for comparative study.
Kelley, Jenny, and Brown25 have recently shown that very fine grind-

ing of various hydrous mjnerals tends to shift the inflection point to a

lower temperature and to apparently reduce the crystal lattice water

with the difierence appearing as adsorbed water. This effect is shown by

their curves for - 100 mesh muscovite and for the same mineral very

finely ground (Fig.2). They have concluded that "differences in the

inflection points do not necessarily signify different lattices but may be

T.tmn 4. W.r:rnt Loss Drtnnurre'rroNs ol Itlrrn*

Water loss in per cent

Temperature
' c . Sample 1 Sample 2

825

110
160
250
300
350
. 1 / J

400
450
485
530
615
650
700
750

1000

2 . 6 0
2 . 9 2
3 . 8 2
3 .63
+.45
4 . 6 2
. ) . J /

7 .03
7  . 5 6
8 . 3 7
8  . 5 4
8 . 7 +
8 . 7 4
8 . 7 7
9 . 6 0

3 .03
3 . 4 1
4 . 1 2
3 . 8 4
4 . 6 2
4 . 6 2
6 . 0 1
7 .24

8  . 3 1
8 . 4 1
8 . 6 2
8 . 7 9
8 . 7 9

10.  14

* Determinations made under the supervision of O. W. Rees, Associate Chemist,

Illinois State Geological Survey. Location of samples given in Tables 1 and 3.

the result merely of variations in particle size." It follows that dehydra-

tion curves should not be used as diagnostic characteristics of minerals

unless particle size is considered. Until dehydration data can be obtained

for illite of varying particle size, the dehydration characteristics of the

mineral and their value in identiiying it cannot be determined fully'

2a For dehydration curves of other clay minerals see Ross, C. S., and Kerr, P' F', P'P'

l65E' U..S.GS., 1930; Bndell, K., Ilofmann,iU., and Maegdefrau, 8., Zement,vol'24,

1935; Kelley, W. P., Jenny, H., and Brown, S. M., Soil' Sci., vol. 41,1936.
25 Kelley, W. P., Jenny, H., and Brown, S. M., Hydration of minerals and soil colloids

in relation to crystal structure: Soil sci'., vol. 41, pp' 259-271,1936-
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Base-erchonge data.

Base-exchange capacity values (Table 5) obtained on samples of illite
range from about 20 to 40 milliequivalents per 100 grams. These values
are lower than the value (about 50 milliequivalents per 100 grams) as-
signed by Hofmann, Endell26 and their coworkers to ,'glimmertont,

which is similar to illite. Base-exchange capacity varies with particle
size so that this property should be expressed as ranging between limits.
Magnitude rather than specific values are important because of varia-
tions in particle size, and also because of variations due to slight difier-
ences in composition.

Tasro 5. Basn,Bxcnaxcn Cepecrry

Sample No. (location Table 1)
Inorganic base exchange capacity in milli-

equivalents/100 grams 3s .5  33 .0  30 .0  2 l . 6

I

20 .5

fn previous reports2T the question has been raised as to whether illite
(the "sericite-liket'mineral) has low base-exchange capacity or no base-
exchange capacity. ff no base-exchange capacity is assigned to illite in
the samples studied, the base-exchange capacity shown by the samples
(Table 5) can only be explained by the presence in each sample of a
second mineral with high exchange capacity. Assuming for an admixed
mineral a base-exchange capacity even of 100 (a high value for mont-
morillonite which possesses the highest exchange capacity of the clay
minerals), the quantity necessary to yield the capacities would be ap-
preciable. As already noted, *-ray and optical data reveal no constituent
in the samples other than illite, except quartz and limonite in Nos. 3,
4, and 5, and these minerals would tend to decrease rather than increase
base-exchange capacity values. Theoretical reasons2s have been pre-
sented showing that the micas should possess base-exchange capacity.
In the present research, exchange capacity values of the same order of
magnitude shown for illite have been obtained from pure crystalline
muscovite after grinding it to a diameter of about 1 micron, the ground
material retainrng the r-ray diffraction pattern characteristic of musco-
vite.

% Endell, K., Hofmann, U., and Maegdefrau, E., Uber die Natur des Tonanteils in
Rohstoffen der Deutschen Zement-Industie: Zement, vol.24, pp. 625432, 1935.

27 Grim, R. E., and Bray, R. H., Op. cit., 1936.
Gr im, R. E. ,  Bray,  R.  H. ,  and Bradley,  W.F. ,Op. c i t . ,1936.

28 Van der Meulen, J. B., Relation between the phenornena of cation exchange with
silica-alumina complexes and their crystal structure: Rec. traa. chirn.rvol,.54, pp. 107-113,
1935.
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RprerroN or h,r,rrn ro Oruen Mrces

higher SiOr to ReO3 ratio, a higher SiOz to KzO ratio, a higher RzOs to

KzO ratio, an appreciable content of MO (mainly magnesia)' and a

higher HzO content.
bn the basis of composition, illite is more nearly similar to the

phengite variety of mica than to muscovite. The term phengite has been

used for white micas whose analyses suggesl a higher SiOz to RzOs ratio

than 2. Also the presence of MgO in phengite has been noted' Formulae

assigned tophengite(KzO (Mg, Fe)O 2AlzO3' TSiOz 2H2ObyWinchell; '?e

frO ZRtrO, 6SiO2'2H2O by Tschermak;30 KzO' RO' 2A1'zO3 6SiOz

difference in the mode of occurrence.

Schwartz and Leonard35 described a micaceous alteration product of

zs Winchell, A.. N., kJem,1929.
30 Tschermak, G., Die Glimmergruppe' Zeits. Krist', vol 3, pp' 122-167' 1879'

sl Hallimond, A' F., on the chemical classification of the mica groltp:. Mineral Mag.,

vol .  20,  pp.  J05 318,  192.5 '
gz Pennfield, S. L., On some minerals frorn the manganese mines of St' Marcel in Pied-
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spodumene from Etta mine, South Dakota, which has values for KzO,

MgO, and HzO approaching those of illite. It has, however, the SiOz

to AlrOr ratio of muscovite and is believed to be of hydrothermal origin'

Earlier Brush and Dana36 described an alteration product of spodumene

from Branchville, Connecticut, which probably had the same origin as

the material from Etta. Except for a slightly higher silica value (Table

6), which was interpreted as indicative of a small amount of free silica,

the analysis corresponds to the formula for muscovite.
The names damourite, gilbertite, and margarodite have been given

to secondary micas of the muscovite type. Available chemical analyses

of these minerals (Table 6) are notably different from those of illite
(Table 3). Also, damourite, bilgertite, and margarodite appear mainly

to have resulted from hydrothermal alteration.
The mineral described as sericite by Shannon3T from gouge from the

Carroll-Driscoll mine in Idaho (No. 5, Table 6), possesses optical and

*-ray characteristics similar to those of illite. Chemically, however, there

are important difierences, particularly]in the SrOz to AlzOs ratio.

36 Brush, G. J., and Dana, E. S., Spodumene and the results of its alteration: Am' Jow'

Sci.,3rd Ser. vol. 20, pp. 257-285, 1880.
37 Shannon, E. V., The Minerals of Idaho: tl. S ' Nat. Museum, Bull'.131,1926' A sam-

ple of shannon's original material was kindly furnished us for r-ray analysis. For this

courtesy we are indebted to the U. S. Nat. Museum and Dr. W. F. Foshag, Curator of

Nlineralogy.




