A MINERALOGICAL STUDY OF SOME LITHIUM-BEARING
MICAS OF INDIA*

by N. K. Rao and G. V. U. Rao, Metallurgy Division, Bhabha Atomic
Research Centre, Trombay, Bombay

Chemical, optical and X-ray studies of fourteen lithium-bearing micas occur-
ring in some pegmatites of Rajasthan and Bihar have been carried out. The
lithia content of these micas varies from 0-50 to 5-00 per cent. The variation
in Ng is from 1-537 to 1-567, in N, from 1-555 to 1-595, in 2V from 31° to 52°
and in specific gravity from 2:67 to 2-83. The optical properties are, however,
not systematically related to lithia content though micas rich in lithia have
lower refractive indices.

Study of X.ray powder patterns of these lepidolites shows that twelve of
them with lithia content ranging from 0-5 to 3-6 per cent have normal mus-
covite (2M,) structure and only two having lithia content of 4-85 and 5
per cent have (2Mj) monoclinic lepidolite structure. These latter two
are from Monghyr District, Bihar, and Jeevan Mines, Ajmer District,
Rajasthan, respectively.

The study shows that in India lithium-bearing muscovites are much more
common compared to true lepidolites. It is difficult to distinguish lithium-
bearing muscovites from lepidolites without X-ray examination.

INTRODUCTION

Lithium containing micas are known to occur in pegmatites in different
parts of India. In the absence of detailed optical, chemical and X-ray studies,
they have been loosely referred to as lepidolites. It is known that in addition
to lepidolites, a number of muscovites also contain appreciable amounts of
lithia (Stevens 1938; Levinson 1953). In order to determine whether micas .
referred to as lepidolites in India are true lepidolites, chemical, optical and
X.ray study of fourteen such mica samples from pegmatites of Bihar and
Rajasthan was carried out. Lepidolites from the same locality are separated
on the basis of their colour. Seven of these are from Jeevan Mines, Ajmer
District, Rajasthan, and three from Monghyr District, Bihar. Localities of the
other four samples are not known; probably they are from other pegmatites
of Bihar and Rajasthan.

PREPARATION OF SAMPLES AND METHOD OF STUDY

Most of the samples were nearly pure. They contained small amounts of
quartz and felspar, which are brittle and can be crushed more easily. The
samples were crushed in an iron mortar by giving a few gentle strokes and
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sieved through 100 mesh Tyler sieve. The finer fraction contained more of
the brittle minerals. The process was repeated till the coarse fraction was
free from quartz and felspar. Where the samples contained more of quartz,
felspar and other minerals lepidolite concentrates were obtained by flotation
using Armac 16D reagent at a pH of 3-4 (Madhavan et al. 1966) and purified
by the above method. All the samples used in this study were of ~ 99
per cent purity.

The refractive indices were determined by the immersion method. y
and f were determined on cleavage flakes, while for determining « the follow-
ing method was used. A drop of the appropriate liquid was placed on a
glass slide. Observing the drop under the microscope, few flakes of the
sample were dropped into the liquid with the help of a wet needle. Some of
the flakes would remain vertical for a short time, from which o could be deter-
mined. This method was quite convenient where the mica flakes were thick.
Where the flakes were very thin, a mixture of quartz grains (—70--100 mesh)
and the saraple was used. When the mixture was dropped into the immersion
liquid some of the flakes adjacent to quartz grains would be nearly vertical
and could be manipulated with the help of a fine needle. The specific gravity
was determined with a specific gravity bottle using toluene. The 2V was
determined using a Leitz 5 axis universal stage. Thick flakes of mica showing
uniform first order yellow or higher order interference colours were found to be
most suitable for the 2V determination. Some of the flakes showed uneven
anisotropism and the 2V varied from place to place in the same flake. The
2V given in this paper is the average of at least ten determinations.

REsuvLTs

The colour, refractive indices, specific gravity, 2V and Li,O content of
fourteen lepidolites studied are given in Table I. Eight of these showing
wide variation in physical properties and Li;O content were selected for com-
plete chemical analysis. The chemical analyses of these are given in Table II.

From the chemical analysis the composition of the mica can be calculated
and the normal method is to calculate the cationic proportions on the basis of
24(0, OH, F) anions (Deer et al. 1962). However, when considerable amount
of HyO+ is present other modifications of this method are adopted (Hendricks
and Ross 1941; Ganguly 1951; Brown and Norrish 1952).

In calculating the composition here, Brown and Norrish’s method is
adopted, as these micas contain considerable amount of H,O*. However,
slight modification in their method has been found necessary as, in the present
samples, the presence of F' has also to be taken into account. The equations
given by them are modified as follows:

$+3y=h+f T ¢ )
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and
_2$+y=20+f R T

where ny is the proportion of HsO* ion in the composition, 2, f and ZO
are the total atomic proportion of hydrogen, fluorine and oxygen respectively

TasLe 1

Locality, physical and optical properties ond LisO content of lepidolites

Specific o7 Li;O

Code No. Colour Refractive Index .
gravity content
Lp-1 Yellow .. .. 1564 1-592 1-595 2-78 44° 0-50
Lp-2 Yellowish green .. 1558  1-587 1-590 2-83 37° 0-90
Lp-3  Dark grey .. .. 1552 1577 1578 276  33° 2-30
Lp-4 Dark greyish violet .. 1545 1567 1-569 2-80 2-65
Lp-5 Medium violet .. 1547 1-568 1-569 2-64 44° 265
Lp-6 Pinkish violet .. 1548 1-573 1-575 274 44° 2-65
Lp-7 Light violet .. .. 1-B37 1-564 1-555 2-73 31° 5:00
Lp-8 Light violet .. .. 1-541 1:568 1-569 2:83 41° 3-60
Lp-9 Pinkish violet .. 1546 1-565 1-567 2-76 46-5° 3:00
Lp-10 Medium violet .. 1545 1-569 1-571 2-78 42° 2-95
Lp-11  Dark greyish violet .. 1-548 1-573 1:574 2.78 46-5° 2-60
Lp-12  White with violet tinge .. 1-648 1-571 1.572 2-66 45-5° 3-60
Lp-13  Pinkish violet .. 1537 1-554 1-555 275 51° 4-85
Lp-14  Light violet .. .. 1-547 1-571 1-573 2-78 42° 3:25

N.B.—Lp-1 to Lp-7 are from Jeevan Mines, Ajmer District, Rajasthan; Lp-12 to Lp-14 are from
Monghyr District, Bihar; localities of Lp-8 to Lip-11 are unknown,

TaeLE I1

Chemacal analyses of lepidolites

Code No. Lp-1 Lp-5 Lp-7 Lp-9 Lp-11 Lp-12 Lp-13 Lp-14
80, .. .. 4672 4838  52-08 4932 5012 5242 5002 4835
AlLLO, .. .. 3525 3035 2325 2960 2810 2760 2510 30-25
FegO; .. .. 0T 0-94 1-10 0-57 0-16 0-29 0-29 0-86
FeO .. .. 107 1-00 - — - - - —

MnO .. .. 039 0-78 0-67 0-72 0-83 0-67 1-33 1.00
Lig0 .. .. 050 265 5-00 300 2:60 3-50 485 325
Nag0 .. .. 033 0-33 0-33 0-66 0-45 070 0-33 0-33
KO .. .. 945 8-45 9-00 910  11-57 900 1050 9.90
F .. .. — 292 645 3-69 307 3:26 4-80 349
H,0t .. .. 514 548 507 4.49 4:54 410 4-60 4-06
H 0™ .. .. - - - - 0-23 - 0-10 010
Total .. .. 9956 101-28 102-95 101-15 101-67 101-54 10192 101-59
F=0 .. .. - 1-26 272 1:56 1-28 1-37 204 1-47

99-56  100-02 100-23  99-60 100-49 100-17 9990 100-12
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a8 obtained from the chemical analysis, and » is the factor by which the
atomic proportion of cations obtained from chemical analysis is to be multi-
plied to obtain the proportion in the unit formula.

The compositions calculated on this basis is given in Table III.

CHEMISTRY OF LITHIUM-BEARING MIcAs AND LEPIDOLITES

The general formula which describes the chemical composition of micas is
X,Y, 6Z504,(0OH, F), where X is mainly K, Na, or Ca, ¥ is mainly Al, Mg,
Fe or Li, and Z is mainly Si or Al '

When the number of Y ions is four, the mica is called di-octahedral and
when it is 6, tri-octahedral. Muscovite is a typical di-octahedral mica, with
only two-thirds of possible six octahedral positions (Y-sites) filled. Lithian
muscovites and most of the lepidolites are in between di- and tri-octahedral
in composition, and only those micas which contain above 5-5 per cent Li,O
have all their Y-sites occupied and are tri-octahedral.

From the chemical analyses and calculated composition, it can be seen
that Lp-1 has a typical muscovite composition, and that others have com-
position in between di- and tri-octahedral micas. Based on the lithia content
(Deer et al. 1962) only Lp-7 and Lp-13 can be classified under lepidolites,
while others are only lithium-bearing muscovites.

Classified on the basis of K+4+Na* content and H?,O+ ions (Taboadela
and Ferrandis 1957) Lp-5 comes under the category of hydromuscovites,
while Lp-9, Lp-12 and Lp-14 approach the composition of hydromuscovites.
Lp-11 is a lithium muscovite.

Lp-7 and Lp-13 only are lepidolites but they differ from normal lepidolites
(Stevens 1938) in having excess of H,O+*. Of these Lp-7 is decidedly deficient
in ions of X-sites and this coupled with considerable amount of Hy,O% in
that position warrants its inclusion under the category of hydromicas; and, by
analogy with hydromuscovites, may be termed hydrolepidolite. Lp-13 has
& composition in between that of lepidolite and hydrolepidolite. Both these
micas have 2M, lepidolite structure and it may be mentioned here that occur-
rence of 2M, hydromuscovite has been reported (Threadgold 1959).

X-ray Study—X-ray powder patterns of these micas show that all of them
except Lp-7 and Lp-13 have normal 2}, muscovite structure. According to
Levinson (1953) muscovites can contain up to 3-3 per cent Li;O without any
change in the structure, and that above this lithia content a transitional
structure occurs which is slightly different from normal 2M, of muscovite. To
this polymorph he proposed the term lithian muscovite. However, no such
polymorph was observed in the case of Lp-12 and Lp-8, which have a LiO
content of 3-5 and 3-8 per cent respectively. It is possible that the occurrence of
lithian muscovite polymorph does not depend ounly on the Li,O content, but
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also on whether the Li ion is present in isomorphie replacement of Al in octa-
hedral sites, or occupies the vacant octahedral sites in that structure, as in
muscovites only two-thirds of octahedral sites are occupied.

The d-spacings of Lp-1, Lp-5 and Lp-12 along with that of 20, muscovite
(Yoder and Eugster 1955) is given in Table IV. These three micas contain
LigO per cent of 0-5, 2-65 and 3-50 respectively.

TaBLe IV

X-ray d-spacings of 2My muscovite and lithium-bearing muscovites

2M; Muscovite (Yoder and

- LEO, 'q B .6590 i 12 . o :
Eugster 1955) Lp-1(06% Liz0)  Lp-5(2:65% Liz0)  Lp-12 (3-50% Li.0)

d(A) I d(A) 1 d(A) I d(d) I
10-60 \C 10-56 s 10-61 S

10-04 > 100 9-63 } Vs 9-63 } S 9-65 } S
512 MS 510 ) M 5-10 M

5-02 56 4-88 } MS 490 § M 4-90 } M

ﬁz gg } 4-47 s 4-45 s 446 8

4-39 14

4-30 21 497 vW

411 14 415 VVW

3-97 12 4-03 VVW 398 VW

3-89 37 388 MW 3-89 w 3-88 w

3-74 32 3-72 w 3-71 w 3-70 w

3-50 44 3.46 MW 3-47 MW 3-53 MW

3-35 > 100 3-30 S 3-29 S 3-29 S

3-21 47 3-17 M 3-17 M 3-18 M

3-00 47 2.96 M 2.97 M 2-96 M

2-87 35 2-83 M 2-88 M 284 MW

2-80 22 277 M 2.77 M 2.76 w

2-59 50

2-58 45 } 2-57 Vs 2:56 Vs 2-57 Vs

256 90

2-51 20 2-46 M 2-48 M 2-46 M

2-46 19 2-44 MW

2-38 24 2-38 MW 2-37 M 2-39 M

2-247 12 2.25 w 2.25 \'% 2-25 w

2-149 10

e ot } 213 M 213 M 213 M

2-010 75 1-988 8 1-982 8 1982 8

1-975 14 1-964 w - -

1-670 12 1660 MW 1-659 MW -

1-653 17 1-641 MW 1-646 M 1647 MW

1-499 40 1-502 8 1-501 8 1500 8

N.B.—In addition there are many very weak lines which are omitted from the list.
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Lp-7 and Lp-13 have d-spacings similar to that of 2M, lepidolite (Smith
and Yoder 1956), which was earlier described as 6-layer monoclinic by Levinson
(1953). ’

One important difference exists between powder patterns of micas reported
herein and standard 2M, and 2M, micas. The basal reflections (002) at 10 A
and (004) at 5 A are doubled; each of them made up of two reflections of equal
intensity at 10-5 A and 9-5A and 51 A and 494 respectively. The hydrated
nature of these micas is perhaps responsible for this feature.

The d-spacings of Lp-7 and Lp-13 along with that of 2, lepidolite given
by Levinson (1953) are given in Table V.

Tasie V
X-ray d-spacings of 2M, lepidolites

2M, Lepidolite

Lp-7 Lp-13 (Lovinson 1953)

d(d) 1 d(A) 1 d(A) I
10-49 8 10-52
9-46 s 9.45 } 5 9-89 MS
511 M 512
4.85 M 489 } M 499 M
4-45 8 448 M 449 M
3-02 VVW
3-80 vw 3-84 w
3-67 VW
3-60 MW 3-61 MW 3-61 M
3-46 w 348 w 3-47 M
3.28 M 3-28 M 3-31 M
319 M 3-18 MW 3-19 M
3-09 w 3-08 w 3-07 M
2.96 w 2-98 w
2:85 MW 2.86 M 2-88 M
2.73 w 2.76 w 2755 M
2.66 VW

2:57 vs 2:58 Vs 2.572 vs
2:45 M 2:46 M 2:416 M
2:37 M 2-38 M
2.24 w 2.25 w 2-248 vVw
2:20 w 2:19 VW 2-190 VVW
2:13 M 213 M
2:02 M 2-01 M 2089 VW
1-974 8 1-976 8 1-985 ]
1-947 W
1-811 vW
1-717 w 1-718 w
1690 VW 1-684
1-642 w 1-645 w 1-633 vVVW
1-503 M 1-501 S 1506 M
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Physical Properties

The refractive indices do not seem to be having any direct relationship
with the Li;O content. However, lepidolites and muscovites with high Li,O
content have lower refractive indices than muscovites and low lithia-bearing
muscovites. 2V also is not related to the Li,O content. The colour seems to
be related to the ratio of Fet+Fe'® to Mn*® in the composition; when the
former dominates the colour will be shades of yellow, green, grey or brown,
while muscovites and lepidolites with MnO have shades of violet colour.

CoNCLUSIONS

The chemical and X-ray study of fourteen samples of so-called lepidoliles .
of India show that twelve of them are only lithia-bearing muscovites ranging
in lithia content from 0-5 to 3-6 per cent. Only two of them having lithia
content of 4-85 and 5-00 per cent are true lepidolites. Further, most of these
lithia-bearing micas contain appreciable amount of constitutional water and
are deficient in interlayer ions—i.e. alkalies. The physical properties do not
show any appreciable variation with the lithia content of the micas.
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