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ABSTRACT

Twelve Li-Rb-cs-rich micas from the TANCO pegmatite,

Bernic Lake, Manitoba and two from other localities, have

been examined in detail by x-ray diffraction, optical and

chemical methods. The x-ray study revealed the presence

in three of the specimens of the structure type lM together

with the 2MLt one is entirely lM, and. all the others are

2M, only. X-ray powder reftections that distinguish the

two structure types are described. The following corre-

lation between structure type and chemical composition was

observed: micas witrl the 2Mr structure \^7ere found to

contain up to 3-42 wt-% Li2O; from 3'5% to 4'282 LL'O

bothstructuretypesappearwithprogressivelygreater

amount of ].M; and above about 4.52 LLzo IM alone is likely

to occur. The contents of Rb2o (up to 5"1- wt"%) and Csro

(upto0.8wt.?)increaseroughlywithanincreaseinL] rOr

but they do not seem to affect the change .in structure

becausetwoofthespecimenswithhighestRb+Cshavethe

2Mt structure, and the lM type was found. in micas containing

lower Rb + Cs but higher Li percentages " Li ' Rb and Cs

have a rittle influence on the unit cell- dimensions ' gen-

erally increasing the a and b dimensions and cell volume,

and decreasing ß with increasing amounts. The variation

vj-i



of the two refractive indices in the plane of the cleavage'

d.erived by the immersion method Ín monochromatic (tita) light,

showed them to decrease with increasing LirO. The 2tt

micas d.isplay the highest indices (y = L"599 - I"573), the

lM types show the lowest values (yt = 1.566 - 1"561)" All

the X-ray chemical and optical data indicate that the 2*L

micas from the TANCO pegmatite belong to muscovite and

lithian muscovite, and that the 1I{ structure type rs

characteristic of lepidolite at this loca1ity.
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A. General Geology and lviineralogy of the Tanco Pegmatite,

The Tanco pegmatite at Bernic Lake is located about

125 miles northeast of Winnipeg in the Lac du Bonnet

l4ining Division of southeastern Manitoba" Previous works

on the same pegmatite may refer to it as the Montgary or

Chemalloy pegmatite, according to the names of the com-

panies that in different times were mining the cleposit.

At present the property is owned by Tanco"

It is a complex zoned pegmatiLe which contains the

western world's largest knov¡n reserve of pollucite, the

chief ore mineraf of cesium, besides several lithium-

bearing units. Other minerals of economic importance are

Ta oxides, spodumene and beryl, the first ones being the

main ore minerals presently extracted. The pegmatite is

located near the margin of a granitic intrusive rock,

and it. is bordered by amphibolite; the earl-ier rocl<s in the

area and the pegmatite itsel-f are all of Precambrian age"

The pegmatite body has an explored tengt,h along the

major (east-west) axis of about 2t700 feet, the known

.Bernic
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length of the minor (north-south) axis being about l-,600

feet; the body varies in thickness from about 60 to about

210 feet and it is gently d.ipping (t15o) northwards. It

consists of complex zones, each of which has a more or less

distinctive mineral assemblage"

The mineralogy (uickel, 196la) is typical of that of

cesium-lithium deposits found in various parts of the world,

the principal minerals being z quartz, a1kali and plagio-

clase feldspars, lithium micas, spodumene, pollucite, and

amblygonite-montebrasite; accessory minerals incl-ude beryl,

lithiophilite, apatite, tourmaline, wodginite-tantalite-
pseudoixiolite, tapiolite, cassiterite, microlite, ilmenite,

rhodochrosite and some sulphides "

The pegmatite is divided into six zones of primary

crystallization and three replacement units by Wright

(1963). According to ðernf (personal communication , Lgl0)

Wright's division appears to be correct from the descriptive

viewpoint; more emphasi-s on important accessory minerals

should be shown in the names of zones, and metasomatic

character of aplitic al-bite and pollucite is rather doubtful "

WrÍght's zones:

l" quartz-albite border

zone

2 " perthite-quartz-plagio-

clase-muscovite walI zone

Cernf's zones :

t. quarÈz-albite border

zorle

2. perthite-guartz-plagio-

clase-muscovite wall- zane



Vüriqht' s zones :

3 " spodumene-perthite-plagio-

c I ¡ qo-crrt arf.z intermediatev\aggùL

ZVILE

4. spodumene-quartz inter-

mediate zone with mi-nor

nartlr i {-a

5 " microcline-quartz-inter-

mediate zone

6" quarLz core

ðernf's zones:

3 " spodumene-perthite-Plagio-

clas e- amblygonite-quart z-

intermediate zone

4 " spodumene-amblygonite-quartz

lenl i ti r: a'l h'i to con1- omnn¡-\ qt/r! u¿v vv¡¡ Çe¡lrlrv

aneous )

5. microcline-quartz-berYl-
rnzndcri ni f e intermediate zonevvvsY

â ¡ttar|, q õa\t'ê\agqÀ94

/ ñ^ | 111^1tôt. }/v¿¿

I lâñ1d^lrtêI aplitic albite

II lepidolite (replacing

microcline of zone 5)

rt_t_ porruclEe

B" The Present Study

The chemical and phvsical futl- definition of the micas

from Bernic Lake was one of two objectives of Lhe present

study, and the variation of the physical properties and

crystal structure with the chemistry, especially with respect

to the Li, Rb and Cs contents, \^7as the other objective. The

present work is part of a broader project of investigation

in the Mineral-ogical Laboratory of the University of

Manitoba, of the minerals from the Tanco pegmatite which

includes: wodginite-tantalite-pseudoixiol-ite by J.D. Grice

and ambl-ygonite-montebrasite by Ivanka ðerná, carried out as



M.Sc. thesis projects as wel-l"

feldspar, spodumene, petalite
d=ñ^ nnam={-.i {-a :ra l-rai nn r-¡rr.i oä nrrl- }rrz Þ îarn(t Þnqt-ÐOIttç IJçVlttCr (-I (.È q! e UçI¡IY vaMçu vq L vJ f . Vç! ¡¡J , ! vÐ L

d.octoral- Fe]low.

All studies should l-ead to a better understanding of

the paragenesis of tl:e different minerals in the pegmatite.

C" Previous Work on Lithium-Ùlicas
7\ h .i 

-^^-nrr rrrr¡,vrltant study on Li-micas and the relationship

between polymorphism and composition in the muscovite-lepi-

dol-ite series, was carried ouL by Levinson (1953). This

study pointed out that the Li content is chiefly respon-

sible for the change from a normal muscovite structure

(2M.,) which tolerates up to about 3.3% of Li''O, to a-J--¿

"transitional structure" from about 3.4e" 4.0e" Li?O, and

f inalIy to lepidolite with more than about 4.02 ri)o. In

Levinson's work lepidolites with 4"02 5.12 LizO would

l-ra )wt r"zharaag thOse \^/ith more than 5 " I % Li^O WOUId4Lt2t 
¿

be 1¡4 "

A review of more than 100 analyses of Li-micas from

the literature by M"D. Foster (1960) gives the interpre-

tation of these minerals in terms of the chemical composi-

tíon" The change in structure from muscovite to lepidolite,

with an increase of Li content, occurs when the octahedral

occupancy is about halfway between 2.00 and 3.00, and the Li

occupancy is about 1"00 (equivalent to about, 3.752 Li?O). The

Other studies on the alkali

and other minerals from the



results of the present study and the degree of agreement with

these generalizations are discussed l-ater (Chapter VI A) "

Five samples of Li-micas from the Bernic Lake pegmatite

(Tanco) have been studied both chemically and by X-ray

diffraction by E.H. Nickel (1961) and two of these samples

v/ere restudied in the course of the present work.

D.

l. Y-r¡\z ni ffr:¡l-inn Sl-rrdrz:¿\ ! qJ ULL L ! qv ulv¡¡ v essJ .

Þnr^zÄar nlrnf nrrrrnh q

rimental Work Carried Out in the Present

Diffractograms

Single-crystal precession photographs

2" Chemical Analysis:

Atomíc Absorption Spectrophotometry

X-ray Fluoresc'ence

3 " Optical Study:

The two refractive indices in the plane of the

cleavage and the approximate 2V.
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A" Specimens from the Tanco l4ine, Bernic Lake

The samples are grouped accord.ing to the zones of

the pegmatite from which they come, according to ðernf

(personal communication, L970) "

The sequence of the description of the individual
zones follows roughly the presumed seguence of crystallíza-
tj-on of the pegmatite. trn the first three zones t.he micas

described seem to be a normal constituent of the primary

assemblage of these individ.ual zones. The l-ast two groups

of micas are thought to have formed by replacement of

feldspars during a late stage of d.evelopment of early

K-feldspar-rich zones "

Group No. I

From the coarse-grained K-feldspar-spodumene *

guartz-albite-amblygonite zone .

Specimen R.1" Yellowish-white muscovite in crystals

5-20mm in size, associated with medium-

grained K-feldspar, albite and quartz"

Sner:imcn R"2. Greenish-white muscovite in books of

crystals about 1Omm across, associated

CHAPTER II
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Specimen R. 3 "

with cfeavelandite and. guartz.

Viol-et mica in small (1-3mm) curved

crystals developed in columnar aggre-

gates elongated along the [oor] direc-

tion, in cleavelandite and quartz"

This assemblage rims the material of

the two preceding specimens R.1" and

R"2" against larger concentrations of

pure quarLz" This mica is associated

with curved grey l-ithian-ferroan

muscovite, which is described in

Nickel (1961, p" 13, anal" 4).

Greenish-white muscovite in large

crystals in cleavelandite and quartz '
with coatings of yellow-green fine-

grained muscovite + cookeite"

Curved viol-et mica in large irregul-

arly columnar aggregates associated

with cleavelandite and. quartz " This

specimen represents the same type of

mica as R.3., received from E" H"

Nickel, described in Nickel (L96L,

p. 13, sample No" 1) 
"

Curved violet mica in large irregular

columnar aggregates in cleavelandite

Specimen R. 4 "

Specimen
REN" 1"

Qnar. i mon-- nme" ::o "



Group No. 2

From the very coarse-grained quartz-spodumene * quartz-

amblygonite zone, with rather exceptional K-feldspar and

pollucite.

Specimen R"15. Green curved muscovite in large columnar

and quartz, not distínguishable from

REN" 1. and again closely related to

R.3 " It is the same sample used by

N. Brist,ol Q962) "

aggregates, a.ssociated with c1eaveland-

ite, wodginíte and quartz" The sample

comes from the contact between this

zone and that described under Group

No" 4"

Group No" 3

From the very coarse-grained quartz-spodumene * quartz-

amblygonite zone, with rather exceptional K-feldsparr âs in

the previously described Group No. 2, but in immediate con-

tact with the overlying pollucite body.

@ White muscovite in flakes about 25mm

in diamet.er, breaking down into needle-

shaped laths.

Specimen R" 13. Green-yellow medium-grained (- 3mm)

muscovite occurring in masses assoc-

iated with albite, spodumene and

quartz.



Group No" 4

From the medium-grained K-feldspar-quartz-bery1-

muscovite-wodginite zone.

Specimen R"B" Fine-grained green muscovite with

quarLz and wodginite"

Specimen Yellowish-green very fine-grained---@__z?=
(massive) muscovite containing relics

of K-feldspar and displaying a globular

surface against a fissure" A finer

grained variety of sample R. B.

Group No" 5

From the coarse-grained K-feldspar * purple mica +

quartz t albite assemblage.

Specimen R" 7 " Fine grained (massive) viol-et lithian

muscovite with some quartz and larger

amounts of K-feldspar penetrated. by

the mica"

Specimen R.9 " Fine grained (massive) viol-et ]ithian

mica with some quartz and larger

amounts of K-feldspar penetrated by

the mica. In appearance, the same

10

Specimen
REN. 5"

type of mica as R" 7.

Fine grained (flakes up to about lmm)

violet lithian muscovite very similar
to samples R.7" and. R.9., received

from E. H" Nickel; described in



The actual locations of the samples col-lected by the

author in the mine are marked on the map of Fiqure I "

B. Speci-mens from other. than Bernic Lake

These specimens wel:e received from the Royal Ontario

Museum, Toronto, and taken into consideration for correla-

tion with the Bernic Lake specimens" One of the two

(RoM" 28) from Bikita, Rhodesia, has a chemical affinity

with the specimens from the Tanco Mine in that it is a

lithian muscovite with relatively high Rb and Cs contents"

Nickel (1961, p" f3, sample no. 5).

Specimen
ROM" 26 "868 "

1t-

Sr¡ecimen
ROM" 2B " 068 "

Red-purple medium-grained ferroan

muscovite f rom North Bay, Ontar j-o 
"

From the R.o"Ivl. as sample M"26 " B6B;

in the text referred to as ROM.26.

Very fine-grained. (massive) purple

muscovite from Bikita, Rhodesia"

From the R"O"l4" as sample M"2B " 068;

in the text referred to as ROM"2B.
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A. Powder Photographs

A preliminary powder phoÈogriaph X=ray diffraction
study was carried out for all the samples using standard

Philips 114.59mm diameter cameras.

The samples were ground to a fine powder by hand in
a mortar and pestle and mounted on fine glass rods with the

aid of soft burette girease. Fine coLlimators were used in
ord.er to obtain finer li-nes and. a better resolution of the

reflections. The photographs were taken with Ni-filtered
Cu radiation.

Thís investigation revealed that two of the specimens

(nnN.t and RNB.330) had patterns that differ from the

common (2M1) muscovite pattern given by all the others.

The sample ROM.28 gave a different picture in terms of the

intensities, probably due to the extremely fine size of

the crystals that prevented almost entirely tle preferred

orientation which affected, more or less, all the other

patterns. The data for the powder patterns are not report-
ed here because an X-riay diffractometer study of all the

specimens has also been carried out, and the data collected

by this method are more precise and were used for the

13
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determination of accuraLe cell dimensions.

Figure 2 (a, b, c) shows Èhe .three different

of patterns obtained from three different structure

2M1r 1M>>2M1, lM of micas from the Tanco pegmaLite.

B. Powder Diffractoqrams

A Philips dif fractometer was used' . f.or this part of

the study. The operating conditions \i/ere:

Radiation/gLLLer CurlNi

Voltage 50 kV

Tube current 20 mA

Scanning speed. L/Ao 29 Per minute

Time constant 4 secs.

Range CPS 4 x 102

Zero suppr. 0

slits 10, o.lmm, 1o

Chart speed 10x

The angular range Eecorded was from 80 29 to 5oo 20 i

each run would. thus take two hours and 48 minutes approx-

imately. The patterns were calibrated by means of synthetic

fluorite as an inter.nal standard (Til]ing , L968, after

Stewart). Care was taken to avoid preferred orientation,

but the intensities of the peaks are affected more or less

in all the specimens excluding the one' ROM.28r as already

mentioned for the camera work.

The samples were ground to a very fine powder by

means of a mechanical mullite mortar, but in one case

kinds

types.:

L4
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(ROM.26) three hours of grinding destroyed the structure

of the mineral, and the grinding was repeated manually.

I. Structure Types

From the diffractograms it emerged that two samples,

other than the two (REN.1 and RNB.330) that, gave d.ifferent

powder photographs, showed "extraf' reflections in addition

to those characteristic of the normal 2M, muscovite

structure. These samples are R.3 and R.9. A study of

the diffractograms of one of the first samples (REN.1)

revealed that the pattern is mainly due to a lM structure,

and as descrj-bed later, this was confirmed by a síngle-

crystal precession study. The I'extra'f reflections of

samples R.3 and R.9 belong Lo the IM structure type as

well, and this is easily seen from.a direct comparison of

the diffractograms (Figure 3).

Table I compares the powdei: data for the patterns

of the samples R.8, R.3, R.9, REN.I, and RNB.33Owith those

quoted by Yod.er and Eugster (1955) for the 2M, and the

lM polytypes.

Table I and Figure 3 show clegrly that. samples R.3,

R.9 and REN.I are mixtures of the two structure types 2tL

and lM in different proportions, whereas R.8 has a true

2Mt structure and RNB.330 has a Lrue lM structure. Some

of the reflections are un.i.que for one or the other of the

two structure types. The most evident of these are:

L6
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Figure 3. X-ray powder
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Dogrorr 2O Cu Ko

diffractograms.
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For the 1M structure:

z oo (cuxo)

24.453

28.900

30.7L2

33.375

zeo (cuxcr,)

25.526

27 .7 40

29.825

. 32.060

Ce11 Dimensions

For the 2tI structure:

dr8

3 .640

3.089

2.gLT

2.685

2.

hkl

Ttz

II2

ïr:
023

Every sample was run at least twice on the diffracto-
meter, and the 20 values, after correction using the intern-
aI standard, were averaged. These values \^/ere used as input
data in a least squares compuÈeä program for celt dimensions

refinement (appleman, 1963). Approximate values of the ce1l
dimensions to start the refinement were derived from single-
ci:ystal precession photographs which are described later.
The Mil-ler indices of the unique reflections, taken from the
A.s.T.M. cards, and the extinction conditions for one or the
other of the two structure types, were the other input data

for the program. ResuLts are given in Tab1e 2.

For the specimens that giave a 2M, pattern with minor

drR

3.490

3.2L5

2.997

2.79l-
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. TABLE 2

* CELL DïMENS]ONS, FROM. THE: POWDER DTFERJ\CTOGRAMS

'Sample
- No.

R.1
R.2
R.3
R.4
R.7
R.8

R.9
R.12
R.13

RBLM. 7 2

ROM.26

ROM.28

REN. I
REN. 5

R.15
RNB.33O

Structure
Type

2tt
2Mt

2M1 (>>lM)

2*t
2Mt
2Mt

Zrrt, ( >lM)

2Mt
2Mt
2Mt
2,L
2Mt

lM(>>Ztttr)
2Mt
2Mt
1M

5.188t .005
5.18 9t.OO4
5.I99t.002
s.185r.003
5.186r . 011

5. 190t . 003

5.194t.009
5. I83t . 003

5.1901 .OO2

5.1871.004
5. 199r . 00 5

5. tB7r. 003

5.224!. 001

5.199r . 005

5.188r . 003

5.220r.004

br.'8

9.006r.013
9.000r.01_0
9 .0L4t . 00 5

9.030r.014
9 .0I7 ! .0r7
9.006r.007
9.006r .020
9. O09r . 008

8.998r.008
9. 010r.006
9.0631.015
9.003r.006
9.013t .002
9.0301.008
9.007r.011
9.0141.009
designates

votume 83

936. 53r t.27
935.49r0.98
940.36r0.50
938 "57 lL.42
938 . 8 0!2.20
938.93r0.70
939. 53r1. 96

935.96r0.84
937 .7 4!0 .7 6

938.28r0.87
94l-.r7 lt.29
940.04!0.60
47r.90!0.13
942.24!0 .92
938. 03r1.07
47 I.49!0 .45

,:Î. cycles

.043 3

.040 3

.040 4

.046 3

.056 3

.040 3

.057 5

.040 3

.040 4

.040 3

.040 4

.040 3

.040 4

.040 3

.040 3

.040 3

oat /\ g,8 ßo

20.L44t. O0B g5042'+31

20 .L29t . 0O 6 g5o 45' !2'
2A.I57!.002 g5031 ! t1 '
20.L43t.OOg g5040'+4r

20.172t.009 95033 t r6'
20.Lggt.0o3 95C)47'!2.
20.rB1t. oo8 9503 6'!4'
20.L47 r. OO 5 95o.45 ' t3 ,

20.L83r.00 5 g5046'!21

20.r79t.004 g5047 | +2,

20 .07 6t.005 9504 6' !21
20.2321.00 6 g5045 ' t3 '
LO.205t. OOl 100o50 ! t1 '

20.162!.005 g5030't2'
20.176r.005 95046't3'
10. lgg !.00210004 5t +21

the standard error
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lM (R.3 and. R.9), the cell dimensions \dere derived on the

basis of only Èhe 2rI reflections. In this case, holn/ever,

the computer program need.ed more than the usual 3 cycles

of refinement., probabllz because of the interference of
the.lM structure with the reflections that atîe possible

for both the 2tt and the lM structures. This is also

evident from the tolerance in 20 that was allowed by the

program in the last cycle for sample R.9 where the amount

of 1M is higher. The to] erance is a measure,in 20 of the

agreement between the observed 20 values and the theoret-
ical ones, once a choice of cell dimensions has been made

by the computer. This value is j-mposed. as an input data

and in this case it was prograrnmed to go down to 0. 04 ZO .

For the specimen REN.I that gave a lM pattern with
very minor 2M7r the cell dimensions were calculated for
the lM structure, and in this case Èhe computer itself
rejected the four reflections thaù Ìriere exclusively due to
the 2Mt structure type. The same 20 values were used for
a 2Mrrun, naturally with d.ifferent Miller indices and

extinction conditions, but this time most of the IM reflec-
tions \,vere accepted into the 2Mt structure being close

enough to the theoretíca1 20 values of that sLructure.

Thus, the celI dimensions deríved this walz do not have any

significance and they are not included in Table 2. Furth-

ermore, the number of cycles required for this run \^ias six
and the 2e tolerance went down only to 0.I41o.
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The structures enclosed in parentheses in Table 2

are present in a lesser amount in the sample, and the cel1

d.imensions were calculated for the more abundant of the

two structures.

Table 2 gives the standard errors which \^7ere calc-

ulated by the computer on the basis of the deviations of

the observed 20 values from'the theoretical ones.

c.

The determination of the unit ceIl and the space

group, and hence of the structure typer wä.s carried out

on four of the micas by means of precession photographs.

The ceII dimensions were used as startÍng values tor the

refinement process in the computer program for processing

the powder datar âs alreadlz mentioned.

The method used. is fully described in Buerger (1964).

The instrument used. is a Charles Supper Model 3000 provided

with attachment for a Polaroid camera.

l. Sample Preparation and Optic Orie

A first check of the homogeneit¡z and absence of

twinning in the crystal to be used was done on a Zeiss

binocular microscope in transmitted light. About half a

dozen crystals selected in this Ìúay were t,hen observed by

means of a Zeiss petrological microscope and a choice was

made of the most suitable one. The optical orientation

of the crystals was determined by Èhe interference figure.

Sinqle Crystal Precession Investigglie4
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After mounting the crystal onrthe goniometer head, the

orientation was checked again by means of a Donnay optical

analyzer (Charles supper co. Inc.) and the position of

extinction was used to orient the crystal before using the

x-rays for orientation precession phot.ographs. In this

first stage the [fOO] axis was chosen as rotation axis,

its position being determined by the Iike11z position of

the optical plane based on the known Li2o content.

In the case of muscovite the O.A.P. is at right

angles to the crystallographic å axis, whereas in the case

of lepid.olite it is paralIel to the x direction (Deer et

aI., 1962) . The second orÍentatiOn was found to occur in

sample REN.l as it has been established by optical study

of the crystal that had been used for the precession work'

Another centering operation was performed with the

crystal on the precession instrument by means of an auto-

collimator (Buerger , 1964, p. 51) . By this operation the

plane of cleavage was brought approximately normal to the

X-ray beam, and then by rotation of 90000' the X-ray beam

would be approximately normal to the (010) plane and x

would. then be very nearly along Èhe rotation axis.

very small and thin crystal flakes were used (0.3mm

x 0.2mm x 0.0015mm) to avoid as much as possible the

broadening of the reflections, but this attempt was

successful only in part due to the difficulty inherent

in these particular minerals.
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2.

Four samples were analyzed by this method: R.7, R.9n

R.13, and REN.I. For samples R.7, R.9 and R.13 both Mo/zr

and cu/Ni radiations were used, whereas sample REN.I was

X-rayed. only by Ni-filtered cu radiation; cu radiation

has a Ionger wavelength and thus gives a better resolution,

and this proved useful especialllr for the interpretation

of the photographs precessing around [ofo] ' rn these

photographs the long c repeat period caused the reflections
*

along the z" axis to be too close in the case of Mo radi-

ation and especially for the upper 1evel photographs. on

the other hand, the shorter wavelength allows the record-

ing of a greater number of reflecting planes which permits

one to attain better accuracy in the measui;ing of the cell

dimensions.

About three orientation photographs taken with the

Polaroid camera were generally needed to center the crystal

in the required. orientation, These \,üere taken with a

precession angle (U) of l0o, unfiltered Mo,or Cu rad'iation,

and an exposure time of IO .'minutes. Af ter one or two

orientation photographs, needed.to make the plane of the

cleavage exactly perpendicular to the X*ray beam, by a

rotation of 90000' on the dial, the plane r(010) \^Ias brought

normal to the X-ray be-am, and another oriêntation photograph

precessing around b was taken; This photograph shows the
rk?t**x and z axes, and of course the a" and c repeat periods

Precession etation
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:k

and the reciprocal angle ß^ which in the case of Figures

4 and 5 is in the upper left quadrant. subsequently I zero'

and first-tevel photographs \¡Iere taken in this oríentation

with a F = 25o (nigures 4 and 5). Operating on the vert-

ical rocker the x* axis was then made to coincide with the

rotation axis, and., after a rotation of 90000'on the dia1,

a zero and first-level photograph precessing around [OOf]

(ü = 25o) were taken

Acompletesetofphotographsforeâchcrystalin-

cludes a zero and a first-}evel precessing around b, a

zero- and a first-level precessing around c, and the two

corresponding cone-axis pictures, (Figures 4, 5, 6 and' 7) .

The cone-axis píctures (Buerger, L964) are needed to

measure the approximate but true repeat periods b and c

in order to determine the setting of the instrument for

thefirst-levelphotographs;therefore''theyareoften

taken just after the zero-level. The cone-axis pictures

around b gave satisfactory results (Figure 7), but the

ones around c \,fere unusual and difficutrt to interpret.

This difficulty could have been due to the flaky nature

of the minerals whi.ch caused a diffuseness of the reflec-

tions

The extinction conditions, besides the conventional

unit cell dimensions, were derived from the zero-leveI and

first*Ievel photographs precessing around the [OfO] axis'

For samples R.7, R.9 and n.I3 the possible space-groups
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Figure 4. Sample R.9: zero: and first-leve1 precession
plrg-t_ogrgphs superimposed, precessiõn axis b
LÇì101 , il = 25u, Cu/Ní radiation¡ 2M, struclturg.type. Reciprocal parameter" .* anã c*outlined, z* axis vertÍõal.
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Figure 5. Sample REN.I: zero and first-level precession
Bhotggraphs superimposed, precession axis b
[010J, p = 25u, cu/Ni radiation; lM structüre
type. Reciprocal parameters a* and c* out:'
lined, z* axis vertical.



2B

Figure 6. Sample REN.1: zero-level precessio4
phoiograph precessing around c [oor],
u = 25u , CurlNi radiation. The a* and b*
parameters outlined. TLr-e pseudo-exagonal
symmetry is evident; y* axis vertical.
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Figure 7. Sample
axis b

REN. 1:
[oro],

_Cone=Êxis picture, precessi-on
u = 10"; CurlNi radiation.



thus derived \^rere C2/c or Cc, whereas f or sample REN.I

they were C2/m or C2 or Cm (Nuffield, 1966, p. 372). These

results led to the final conclusion that for the first three

samples the structure type is the common muscovite 2ML, and

for sample REN.I it is lM.

It, should be noted Lhat for sample R.9 it was im-

possible to recognize the possible presence of some accom-

panying lM structure because reflect,ions due to this struct-
ure would. be masked by the ones due to the 2Mt" fn the

case of sample REN.I the little flake used for single-

crystal work was almost certainly entirely constituted by

lM structure since it was not possible to recognize any

reflections that would have split the c* repeat period

revealing a c period of ru 20R inst.ead. of ru 108.

The cell dimensions were d.erived measuring the photo-

graphs by the method.and instrument described in Nuffield
(1966, p. 278). Since the values of ceII dimensions from

these photographs.have only a relative importance, no corr-

ection for film shrinkage or calibration of the j-nstrument

with a standard crystal rnrere made; the errors reported in

Table 3 refer only to an uncertainty of measurement. The

readings \t/ere repeated three times and the deviation from

the highest to the lowest was assumed as error. Even

though these values are affected by a bigger error, they

are perfectly comparable with the more precise values ob-

tained with the diffractometer and in most cases they fall

30



within the same rangie (Table 3 ) .
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CHAPTER IV

CHEMISTRY

A. Methods

Fourteen of the sixteen specimens examined in this
study were chemically analyzed completely or partially,

all but two being from the Tanco pegmatite at Bernj-c Lake,

the two exceptions being samples ROM.26 and ROM.28.

An Atomic Absorption Spectrophotometer, Perkin Elmer

Model 303, was used for the anallzsis of Li, Nâ, K, Rb. Cs,

Mg, and Fe on all the fourteen samples. For six of the

twelve specimens from Bernic Lake, Si and A1 \^/ere determin-

ed by means of an A.R.L. X-ray fluorescence unit. For these

six samples HrO has also been determined. Vüith the addi-

tion of the analysis of F, the analyses of these samples

would then be complete, but it was impossible to arrange

for the analysis for this element before this thesis was

completed. No description of the sample preparation or the

handling of the readings from the instruments is given here

since they are procedures that are standard ín most chem-

istry laboratories. These analyses were carried out in the

chemistry laboratory of the Department of Earth Sciences,

University of Manîtoba.
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B. Results

The results of all the chemical anallzses are given in

Table 4. The structures revealed by the X-rays are also

reported.

A variable amount of LirO is contained in the differ-

ent micas from Bernic Lake from a low value of 0.153 in one

of the green muscovites to a high value of 4.282 in the

violet mixed muscovite-lepidotite: The content of fuZo is

retr-atively high in all the micas from Bernic Lake, the 1ow

value being 1.50? and the high 5.10?. The amounts of CsrO

are less than those of Rb2O, and Lhey faII between the

limits of 0.l-2?. and 0,.79e".

The relationships bet¡n¡een structure type and chemical

composit.Íons are discussed in detail in, Chapter VI. However,

it can be noted from Table 4 that there is a correlation

between the content of, ii.o, and the structure type (Levin-
¿

son, 1953); this is discussed in moie detail in Chapter VI.

In agreement with Foster (1960) Èhe Si content is higher

in the specimens with high Li content. "Thís is due to the

necessity of balancing the deficiency of positive charge

cartied b1z the replacing of Li for A1 in the octahedral

sites.
The contents of Rb and Cs show a dírect rel-ationship

with the Li content. That is, an increase of Li is gen-

erally accompanied. by an increase in Rb and Cs, (table 4

and Figures 10a and lob).

The amount of total Fe, given as ferrous oxide, in
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the lepidolite-type

times lower than it.

and in

is for

the violet micas, is

the muscovites-green

about ten

muscovites.
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CHAPTER V

OPTICS

A partial determination of the optical properties \^ras

carried out on seventeen of the specimens by measuring the

two refractive indices in the plane of the cleavage using

the immersion method, and by estimating the 2V values.

The samples were crushed and examined in lÍquid
mounts and the optical reactions tested. with the Becke

line. A monochromatic source of light (O line of Na light;
| = 589mp) was used in conjunction with a set of refract-

ive indices liquids from I.520 to 1.592 ln steps of 0.002,

and front 1.592 Lo 1.700 in steps of 0.004.

The exact refractive indices of the liquids used were

determined by means of a ZeÍss refractometer. No correc-

tion for temperature variatíons \^ras made because such

variations feIl within the limits of the expe¡imental

error.

In the case of both lepidolite and muscovite, one of

the two principal vibration directions Y and Z is in the

basal- cleavage plane and the other nearly so, but the case

is different in the two minerals.

Figure B shows that in muscovite the O.A.P. is normal

to (010), and the optical Z coincid.es with the crlrstallo-
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graphic y so that Z is in the (001) cleavage plane.

Therefo:ie, in muscovite an exact measurement of the refrac-

tive index y can be obtained in the basal cleavage plane.

The optical Y is nearly in the cleavage plane (ß:x to-:o)
and therefore an approximate ß, namely ßt, can be measured

in the same orientation. In lepidolite, the situation is

reversed, and an exact measurement of. the refractive index

ß may be obtained in the basal cleavage plane (001), with

the other refractive index measured in the same plane being

an approximate y, namely y ' (y :x Oo-7o) .

To observe one or the other of the two indices, the

crystal was turned to extinction, so that one of the two

woul-d be cancelled, and then the same operation \^ras repeat-

ed for the other one. Of the two, the higher is y or Y',
the lower ß or ß' . In order to make sure that the little
flakes used for the determinations were lying flat, only

those that showed well- centered interference figures were

chosen. By observing the interference figures it was al-so

possible to derive an approximate vatue of 2V by comparing

the curvature of the isogyres with the diagram of Wright

(Moorhouse, 1959, p. 34).

Tabl-e 5 shows clearly that the range of values for

the refractive indices of lepidolite ís generally lower

than for muscovite, which is also true for the samples of

the present study

A sample of lepidolite from the Varuträsk pegmatite
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(Sweden) was also examined for comparison, being a very

well studied specimen to which many of the studies on

lepidolite and lithian muscovite make reference. This has

a 2MZ structure-type, hence the difference in 2V from the

other specimens (oeer et aI., 1962, p. 88, anal . 7).

The optic orientation for sample REN.I (1¡l structure)

\das established as being the one of lepidolite (Figure 8b)

from the interference figure obtained on the crystal used

for the precession photographs.

The refractive indices have proved to be very sens-

itive to the change in chemical composition; thus, where

the cell dimensions would not show any appreciable varia-

tion within each.type of mica for a change in composition,

(Tab1es 2 and 4) , the refractive indices do change. This

will be discussed in detail in the next chapter.

In Table 6 are reported the results of the optical

study. The uncertainty of measurement is variable from

sample to sample and especially for the mixed-layer types

it has only an orientative value. The author's estimated

limits of error are reported as * on Table 6.
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Sample No.

R.1

R.2

R.3

R.4

R.7

R.8

R.9

R.12

R.13

RBLM. 7 2

R.15

ROM. 2 6

ROM.28

REN. l

REN. 5

RNB.330

Varuträsk

Structure
TYPe

2Mt

2Mt

2M1>> l-M

2Mt

2Mt

2Mt

2M1>IM

2ML

2Mt

2ML

2Mt

2Mt

2Mt

lM>>2M1

2Mt

IM

2Mz

OPTICAL STUDY: - RESULTS

TABLE 6

ß or ß'

l.5BB t

1.593 I

I.57 4 t

1.5893 t

I.57 6 t

1.5915 t

I.572 t

1.5893 t

1.5893 t

1.5913 t

1.593 i

L.6L2 t

L.575 t

1. 5600. t

I.572 L

1.56 42 !

1.5590 !

.001 r. 590 t

.001 L.5954 t

.001 L.575 t

.0005 I.5912 !

.00r I.5780 !

. 000 5 1. 5955 !

.00I L.57 3 !

.0005 1. 593 !

.0005 L.59l.2 t

.0005 L.597 !

.00r r.595 t

.001 1.6160 t

.001 L.577 !

.0005 l. 56r4 t

.001 1. 573 !

.0005 1.5660 !

.0005 L.562 t

Y or Y'

.001

.0005

" 001

.0005

.0005

.0005

.001

.001

.0005

.001

.00r

.0005

.001

.0005

.00r

.0005

.001

tu2V

400

4oo

400

4 oo-4 50

<450

3oo-350

>4oo

4oo

450

4 oo-4 5o

n,4 0o

3 50-4 oo

too fine
grained

4 oo-4 5o

n,4 0o

n,4 50

rv2Bo



A. Chemical Composition and Structure-type

The previous works on Li-bearing micas mentioned in

the introduction (Levinson, 1953; Foster:, L960¡ etc') point-

ed out that there is a relationship between the Li content

and the structure, from muscovite (normally 2M1) with a

maxjmum of about 3.3% Li2O, to lepidolite (usually 2MZ or

lM) with more than about 4.0% Li2o. within the values of

3.3å and 4.OZ wOu1d exist a category of "transitionalstructure"

micas; The term lithian muscovite is used here to defíne

lithium-bearing micas with the muscovite strucLure (usual1y

2M,) according to Foster (f960); in other words, a muscovite
I'

with some Li replacing A1 in octahedral sites, but not

enough to result in a change in structure"

In the present study, wê have noted the presence of

more than one structure type in a few of an: same samples

(R.3, R.9, REN.1, RNB.330). The lithium contents of these

samples (3.5% 4.28% Li2O) is such that they would faII'

according to Levinson (1953) , into a "transitional structure"

group. actually, the appearance of the 1M polytype together

with the 2Mt seems to indicate that the amount of Li is not
'constant throughout the whole sample, and when it is high

43
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enough the mica will assume the lM lepídolite structure

instead of the normal 2M, muscovite structure. A confirm-

ation of this fact is the presence of the three types of

mica all in the same hand specimen RN8.330. An X-ray

powder diffractogram study of various portions of this
specimen revealed the presence in one portion of the 2Ml

structure type onIy, in a second portíon the 2M, plus minor

fM, and in a third porÈion. which was examined in detail

as one of the sÈandard samples, the lM polytype alone.

The present figures of Li content corresponding to

the change in structure agree more or less with the

values of Levinson (1953). They are shown ín Figure 9 as

a graphical representation analogous to the one of Levin:-

sont s paper.

Sample REN.5 with the norrnal muscovíte 2M, structure

contains up to 3.42%. Li2o (¡li,ckel , J96I, p. 13, anal. 5),

whereas, according to Levinson, this limit should be at 3.33

Li2O. The lowest concentration of Lí2O corresponding to

the f irst app.earance of the .IM lepidoliÈe pollrtype is 3.53

(fab1e4, sample R.9). With 4.282 Li2O, the structure type

is almost entirely 1M lepÍd.olite (sample REN.l), Accordi-ng

to Levinson (1953) the micas with 4.02 5.IU Li2O should

have the 2M, lepidolite structure and the lM shoul-d appear

only with more, than,5.1Z Li2O. This has already.been proved

not the be so (foster , Lv60) , and the present result.s are a

further confirmation
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The fígures given above for the chemical composition

naturalLy refer to the bulk sampre but they are also

rndicative of the chemical composition of the indivrdual

structure types.

The contents of Rb and Cs seem to have no direct

influence on the change in structure even though they have

been found more concentrated in the samples at high Li

content. The, plots of Figures 10a and 10b show this tend-

ency of having high Rb and. Cs samples wiÈh high Li.
Rb and Cs probably do noÈ af,fect the change in

structure because they enter the large interlayer cavities

substituting for K*, while Li* enters the octahedral

cavities substituting for aL3f and thus rnfl-uences the

functamental framework with its presence. This substitution
has also the effect of increasing the si/Al ratio. This

ratio is further increased by the higher amount of Si,

generally present in Li-micas in respect with other micas,

necessary to balance the charge deficiency due to the
r2fLi' - Al-' ' substitution (Foster, 1960 ) .
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B. The Cetl Dimensions and the Chemical. Composrt.ions with

Special Reference to the LirO

samples of muscovites and mixed structures with predominant

2M, , from Bernic Lake fall within the following limits:t'

Table 2 shows that the ceI1 dimensions for the

:e to the Li,O, ¡\v^v. q¡¡v vÈ^
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As Table 2 also shows, ttre two lepidolites REN.1 and

RNB.330 have nearly the same cell- d,imensions as each other;

this is also true for the refractive indices as Table 6

shows. Sample REN.I is referred to as a lepid.olite because

the lM component greatly exceeds the Nt component.

The variation of ce11 d.imensions is then very sma11,

and for the two dÍmensions a and b it is absorbed. by about

one-half by the standard errors. The c d.imension is the

one that shows the greatest absolute variaÈion, but the

percent variation is the same order of magnitude for all
at b, and c.

An attempt to coruelate these variations of cell
dimensions wrth chemical composition has been made.

It seems legitjmate to suppose that the relatively
high content of heavy and large cations such as Rb and Cs

should affect the cell dj:nensions and especially the a

and b parameters (M. FranzinL, personal comrnunication).

The dimensions a and b versus the RbrO cont,ents arel

plotted in Figures lla and 11b. It can be noted that. there

is no great evidence of a regular variation in d.irect

dependence of one or the other of these dimensions with
the RbrO content, but a slighÈ suggestion in this sense

a

þ
c

5.183 = 5.199

8.998 - 9.030

20.L29 - 20.I89

o
A

o
A
o
A

49
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can be derived. Analogous plots with CsrO show more or

less the same picture, and they a:ie therefore not repro-
duced here. The errors are reported only for the cell
dimensions, since no error for the chemical analyses could

be computed.

The parameter c shows an even greater variation, and

in fact the values for the specimens with very high Rb and

Cs (R.3, REN.5, R.7, R.9) fall within the values of speci-
mens much poorer in these elements. This plot is not

shown

On the other hand, a plot of the parameter a against

b (Figure 12 ) shows that the samples with high Rb and Cs

faLl in the peripheral area on the side of the high values

even though the variation is very small.. This "ru1e', is
followed only in part by sample R.4.

A plot of the cell volume against the sum of Rb2O

and Cs.O weight percent (Figure 13 ) shows that there is
an increase in the volume for the samples wÍth high Rb and

Cs contents. The sample ROM.2B from Bikita, Rhodesia is
plotted on Figure 13 together with the samples from Bernic

Lake since its Rb and Cs contents are of the same order.

Foä sample REN.5 the increase of cell dimensions is
quite evident. The Rb2O content in this sample is the high-

est (5.10%), and it corresponds to about 0.45 atoms per

2 aLoms in the potassium sites

In the normal muscovite (2M., ) structure, two-thirds

52
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of the central octahedral layer is occupied by A'1, and the

remainder is vacant. For the ideal structure, X-ray reflec-

tions 06.4, \,'rith l odd should be absent, but the fact that

some of these reflections for most muscovites are quíte

strong Índicates that the structure is consid.erably distort-

ed.. rn the case of the present studyr ro reflections of

that type were recorded because the diffractograms were

taken for a region of fower angles. In the lithian musco-

vites where there is partial occupancy of the otherwise

vacant octahedral sites, these reflections are weaker, and

they are weaker still in patterns from biotite and phlogo-

pite in which octahedral sites are completely filIed. It

seems therefore, that distortion decreases with increasing

tri-octahedral character.

Furttrer evidence of distortion in muscovite is the

value of the p angle that in most cases is 95035' while for

the ideal structure it is 94oS5t (Deer et al., 1962, vol. 3,

p. l-2).

An attempt has been made to correlate the Li content

with the "degree of distortion" for the samples from Bernic

Lake by plotÈing the $ angle in increasing order against

the LirO percent (rigure 14). An increase of the Li con-

tent corresponds to a decrease of the $ angle (less distor-

tion). The error in the calculation of the ß angle has

been plotted. on the diagram.
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C"

Rel-ation to the Contents of Li"O, Rb"O and Cs.O

The values of the refract.ive indi-ces from Table 6 are

plotted against Lilo, Rblo and csro contents in Figure 15a,

15b, and 15c.

For the L2 samples from Bernic Lake there is an

evident correl-ation between the contents of LirOr RbrO and

cs"o and the values of the refractive indices. An increase¿

in the two refractive indices in the plane of the clea\,â.r^

corresponds to a decrease in the content in these three

elements "

The plot for Cs is in a xlO scale d.ue to the lower

concentration of this element"

From these plots it appears that even a small- amount

of Li2o lowers the refractive indices of the muscovites

whose values are slightly lower than that of the normal

muscovites from the fiterature (neer et al., Lg6Z, vol" 3)"

The iron content of sample ROM.26 clearly increases

its refractive ind.ices

A grouping of the various kinds of micas can be made

on the basis of their refractive indices. The lithian

muscovites generally haver äs already mentioned, refractive

indices that are l-ower than the normal muscovites and in

the present study they fal1 in a group with refractive

ind.ices beLween the val-ues of 1"587 and r"sg7 " T\,vo samples

(REN"S and R.7) do not falt_ into this group although they

'I'ne varl_atl the Refractive fndices in
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did not give any índication of the presence of any structure

type other than the zM.¡ for this reason they are classified
as lithian muscovites but, d.ue to the high Li2O content,

they faIl in the present grouping into the second group of

the mixed structures. However, these two samples are dif-

ferentiated from the mixed structure type in the plot of

CsrO against the refractive indices (rigure 15c).

type encloses samples R.3 and R.9, but also samples REN.5

and R.7 fallr âs already mentioned, in this:group whose

refractive indices vary from L.572 Lo 1.578. The LirO

content in this group goes up to 3.97 wt.? (sample R.3).

In the third. group, the òne embracing the true lepido-

lites, fa1l the samples REN,I and RNB.330, but for the lat-

ter no chemical data are availabi-e so it is not plotted in

Figure 15. The refract,ive indices vary from 1.560 Lo

1.566. Sample REN.I isr âs a whoIe,, a mixed structure,

but the presence of the 2M, muscovite structure type is very

minor especially in the crystals used for the single-crystal
precession study and then for the optical invest,igation.

For this reason it falls into the group of the true lepido-

lites.. The sample of lepidolite from Vâruträsk (Sweden)

was chosen, as mentioned. earlier, for comparison purposes

only.

The mixed structures (2Mt and lM) muscovite-lepidolite
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