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ABSTRACT

Rose muscovite is a variety of muscovite with distinctive paragenetic, optical, and
chemical characteristics, It occurs in replacement units of complex pegmatites with a
hydrothermal Na-Li phase and is the youngest mica to form, even following lepidolite.
Indices of refraction are lower than those of normal muscovite, with average values:
a:1.555, 0:1.586, t:1.592. Chemically the rose muscovites are characterized by the
consistent presence of small amounts of FezOs, MnO, Li2O, RbzO and F. The unusual
color is not related to the LigO content but depends upon the essential absence of Fe2
and the dominance of Mn over Fe3.

fNrnonucrtoN

This paper purposes to describe the mineralogy and paragenesis of
the unusual rose or pink pegmatitic muscovites and to discuss the inter-
relation of their chemical composition and color. The field work was
done by the senior author in New Mexico and Colorado at various times
during the summers of 1948, 1949, 195I, and 1952, and in Finland,
Sweden, and Norway during the summer of 1950. Laboratory investiga-
tions were conducted jointly in 1951-1952.

The European field studies were assisted by a grant from the Faculty
Research Fund of the Horace H. Rackham School of Graduate Studies,
University of Michigan, which fund also paid the cost of five new chem-
ical analyses. This study is a part of the research program, Natural
Mica Studies, sponsored by the U. S. Army Signal Corps, Squier Signal
Laboratory, Ft. Monmouth, New Jersey, under the general supervision
of Dr. S. Benedict Levin and administered as Project M-978 of the En-
gineering Research Institute, University of Michigan. The writers are
indebted to Charles H. Hewitt and Donald W. Levandowski of the De-
partment of Mineralogy for much valuable laboratory assistance and to
the following for gifts and loans of specimens: Professor Clifford Frondel,
Harvard University; Professor Ilorace Winchell, Yale University; the
late Dr. H. V. Ellsworth, Canadian Geological Survey; Dr. Harald Bjcir-
lykke, Norwegian Geological Surveyl Dr. Frans E. Wickman, Royal
Museum of Stockholm; Mr. R. Jacobson, Nigerian Geological Survey;

+ Contribution from the Department of Mineralogy and Petrography, University of
Michigan, No. 169.
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and Dr. H. P. Rowledge, Government Chemical Laboratories, Western
Australia.

OccunnpNcns

United States

New England

Goshen, Massachusetls.' The occurrence of rose mica at Goshen was
recorded by Hitchcock (1841, p. 701). Apparently the first reference to
the possibility that this rose mica was not lepidolite was given by Dana
(1850), who states (p. 361), ". . . a rose mica is obtained at the albite
vein in Chesterfield, Mass., and at Goshen in the same State. . . . The
Goshen mineral is of difficult fusibility and slight lithia reaction, and
may not be of this species." Mallet (1857) analyzed the Goshen mica and
confirmed its very low lithia content, concluding it was muscovite.

The Goshen pegmatites have been described by Julien (1879A,18798),
Emerson (1898, 1917), Browne (1933), and Hess and Ralston (1938).
The mineral assemblage includes albite, spodumene, blue, green, and
pink tourmaline, colorless and light yellow beryl (goshenite), columbite,
and cassiterite. The rose mica is associated with the pink tourmaline.
Because of its reported large 2E, it is possible that the rose mica from
nearby Chesterfield also may be muscovite, but specimens were not
available for examination.

Bolton, Massachusetls.' The Bolton marble quarry, famous for lilac
scapolite, has been described by Palache and Pinger (1923) who state
(p. 154), "There is an abundance of coarse granite pegmatite boulders in
the immediate neighborhood of the quarry but the rock could not be dis-
covered in place . . . the formation of scapolite on the unusually large
scale . . . is due to the action of pegmatite intrusions upon the materials
of the gneiss limestone contact zone."

Specimens of rose mica-bearing pegmatite from Bolton show the fol-
lowing megascopic zonal arcangement:

(a) WaIl rock, a |-inch remnant of finely granular quartzose schist.
(6) Border zone, ]-inch thick, fine-grained white feldspar-quartz rock with minor

specks of schorl. The gray quartz rods tend to be normal to the wall.
(c) Coarse-grained cleavelandite-smoky quartz-muscovite pegmatite, with mica

books as large as two inches across and a few schorl crystals.

A thin section of the border zone shows a fine-grained intergrowth of
orthoclase with poikilitic quartz, oligoclase with a narrow sodic selvage,
quartz, and rounded deep blue tourmaline grains.

In a thin section of unit c, cleavelandite blades can be seen to replace
orthoclase of an anhedral equigranular quartz-orthoclase intergrowth.
Both the earlier minerals are minutely fractured and locally show marked
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wavy extinction, neither of which characterizes the albite. Some of the
cleavelandite is veined by later qrartz and is associated with ragged

crystals of irregularly mottled blue tourmaline. Nearly all the mica

books have combined wedge and fishtail structure, but some books in-

clude flattened euhedral schorl crystals. Some of the smaller books are

entirely rose colored, but most are mainly pale yellowish green with rims

of pink along one side (Fig. 1). The colors intergrade. Several larger

wedged books vary in the proportions of the two colors in different sheets,
with green predominating at one end of the book and rose at the other.

Had.dom I{eck, Conmect'i.cut: The pegmatite at Haddam Neck contains
zoned mica crystals, quartz, albite, and microcline together with green

and red tourmaline, green and red apatite, green and brown fluorite, col-

orless to pink beryl, cookeite, lepidolite, columbite, and microlite (Bow-

man, 1902, 1903) . The columnar mica crystals, as much as 3 inches across
and about 2 inches long, are composed of a core of green-white muscovite
and a rim of lepidolite, which is in turn coated by fibrous rose muscovite.
This fibrous overgrowth consists of parallel c-axis needles of rose musco-
vite. The cleavage plates are made up of minute rhombic units inter-
grown in a 60o-120o mosaic. The lepidolite-rose muscovite contact is

sharp and straight, and the rhombs are either in parallel position or in

twinposition (Fig.2). Bowman (1902,p.120) states, "Among (the micas)
themselves they never show any deviation from the order, greenish-
white muscovite--lepidolite-fibrous muscovite." Bowman notes the
occurrence of similar material at Auburn, Maine, which could not be

verified by the writers.
Lord. Hitt '  pegmatite, Rumlord, Maine: According to Woodard (1951)

the Lord Hill pegmatite contains an aplitic border zone oI oligoclase,
myrmekite, microcline, biotite, and muscovite, a wall-zone of albite,
qvartz, microcline-perthite, and muscovite and a qrartz-perthitic micro-
cline core. Aggregates of cleavelandite, fluorite, spessartite, topaz, and
muscovite form replacement bodies in the core. Light pink muscovite is

interstitial to the cleavelandite blades.

Frc. 1. Zoned rose and green muscovite from Bolton, Massachusetts. X|.
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Frc. 2. Oriented overgrowth of fine-grained rose muscovite on lepidolite, after
Bowman (1902A). X5.

Virginia

Rutherford pegmatite, Amelia Court House.. Glass (1935) describes a
shell-pink variety of muscovite that occurs as tiny fan-shaped plates in
the angular cavities between interlocking platy cleavelandite blades. Of
five varieties of sericite studied by her, two (varieties 3 and 4) vary in
color from anil ine l i lac to grayish lavender. These (p. 755) ". . . occur in
two forms-waxy, talc-like masses, which under high magnification, ap-
pear to be aggregates of minute scales or fibers. . . . Varieties 3 and 4 are
optically identical. These varieties of muscovite are found intimately
associated with the bluish colored cleavelandite albite, in some places
fi l l ing interstices between the albite plates." Glass also notes that a green
sericite (Variety 1) ". . . is penetrated by veinlets of the lilac-colored
variety with cleancut contacts."

New Mexico

Harding pegmatite, Taos County.' The Harding pegmatite has been
known as a source of fine and unusual pegmatitic mineral specimens for
several decades, and commercial quantities of lepidolite, spodumene,
beryl, tantalite, and microlite have been produced from it. Schaller and
Henderson (1926), Hirschi (1928), Hess (1933), Just (1937), Northrop
(1942), Jahns and Wright (1914), Montgomery (1950) and Jahns (1951)
have described its mineralogy and geology, and Roos (1926), Soul6



Pr-rrrr, I. Rose muscovite pseudomorllhous alter spoclunrene' Harding pegnratlLc'

Nerv Mexico.
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(1946) and Berliner (1949) have emphasized the economic aspects of the

deposit.
The Harding pegmatite is a nearly horizontal lens-like dike, 50-60 feet

in average thickness, which has been traced southwestward down-dip

for 1,000 feet. It is known to contain concentrations of beryl, lithium and

tantalum minerals for distances of 350 feet along the strike and 650 feet

down-dip. The dike is markedly layered:
(0) Hanging-wall amphibolite.
(1) Quartz-muscovite-albitized microcline with minor apatite, columbite, lepidolite;

white to rose beryl very abundant locally; 6 inches to 5 feet thick. A similar zone

Iies locally above the footwall.

Massive quartz,6 feet thick.

Quartz with long slender spodumene

base; 20 feet thick.
(4) Coarse-grained spodumene-microcline-quartz ("spotted rock"); variable amounts

of albite, muscovite, lepidolite, tantalite, and brown microlite;30 feet thick.

(5) A series of discontinuous lepidolite pods containing spodumene, smoky quartz

and yellow microlite
(6) Cleavelandite-rose muscovite; 20-30 feet thick.
(7) Quartz-cleavelandite; as much as 15 feet thick.
(8) Sugary albite rock; 10 feet thick.

This complete sequence is not present in all parts of the dike, for some

units are lensoid and discontinuous. Most of the rose muscovite is con-

centrated in the cleavelandite-rich replacement unit (6) below the "spot-
ted rock" central unit (4), but some pods of cleavelandite-rose muscovite

rock also have been Iocalized along the contact between the quartz-lath

spodumene zone (3) and the overlying massive quartz zone (2).

The cleavelandite-rose muscovite rock shows spectacular color con-

trasts (Plate I). Much of the rose mica occurs as aggregates of fine-grained

flakes (}-inch or less in diameter) that form thin tablets 1-2 inches wide

and 5-6 inches long, pseudomorphous after spodumene crystals. AII

stages of replacement are present, from spodumene laths coated by rose

mica films or encroached by a network of ramifying mica veinlets,

through composite laths of ragged spodumene relicts and rose mica in

varying proportions, to rose mica-granular quartz laths containing only a

few rounded blebs of spodumene or none at all (Fig.3). A few small

flakes of yellow microlite and greenish-blue apatite also occur in some

of the pseudomorphs. The muscovite flakes are generally rudely oriented

with (001) parallel with the flat direction of the lath (100) of the spodu-

mene. Rose muscovite also occurs as elongated to rounded pods, several

inches across, of randomly oriented flakes filling interstices between the

cleavelandite blades and rosettes (Fig.  ). A few similar mica pods occur

in smoky qttartz, Much rarer are fist-sized, curved masses of rose mica

in which the grain size ranges from cryptocrystalline to coarse-grained.

(2)
/ 1 \ laths; some microcline and beryl near the
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Locally rose muscovite is associated with anhedral to platy white
beryl. Through the kindness of Dr. W. T. Schaller the senior writer was
able to examine an apparently unique specimen, collected by Professor
Richard H. Jahns, which consists of very fine-grained scaly, rose mica
pseudomorphous after a single stubby crystal, 1| inches on edge and ex-

cleare/andz

vose
and

uscev/te
guzrtz

Frc. 3. Rose muscovite replacing spodumene, Harding pegmatite, New Mexico, X|.

Frc. 4. Rose muscovite pod along quartz-cleavelandite contact, with minor replacement
of cleavelandite, Harding pegmatite, New Mexico. X*.

posed for three inches along the c-axis direction enclosed in massive pink
beryl. The crystal is orthorhombic with prisms. basal pinacoid and modi-
fying dome faces and could have been either topaz or andalusite from the
habit; from the association topaz seems more probable.

Studies of thin sections of the cleavelandite-rose mica rock support the
megascopic paragenetic interpretations. Spodumene blades are invaded
by rose muscovite and quartz. Veinlets of mica flakes also follow along
contacts between cleavelandite blades or between cleavelandite and
qtartz, corroding the albite, and bisect masses of anhedral beryl. Many
of the muscovite flakes are zoned with a verv thin rim that displavs a
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lower birefringence than that oI the main central part of the crystal.

Jahns (written communication) states, ". . . the several specimens that

I do have and the several other observations that I made in the field all

indicate that the pink muscovite is Iater than the gray and purple lepi-

dolite. In all these places the lepidolite is veined by the muscovite-the

pink muscovite, that is. There also is a little fine-grained gray to greenish

gray muscovite in the Harding pegmatite that is later even than the pink

muscovite."
These combined observations indicate that the rose muscovite is one

of the very latest minerals to form. It followed spodumene, cleavelandite,

alkali beryl and lepidolite. The lepidolite itself is younger than microcline

and the coarse silvery-green book muscovite.
Pilar pegmatites, Toos County: The Pilar purple muscovite, described

by Schaller and Henderson (1926), differs markedly from the Harding

rose muscovite, and all other muscovites, in composition, optical proper-

ties, and paragenesis. It occurs in simple, small quartz-microcline peg-

matite dikes, and none of the minerals typical of other rose muscovite oc-

currences are found with it.
Pitttite pe gmatites, M or a C ounty: Several lithium-tantalum pegmatites

on the eastern side of the Sangre de Christo Range near Rociada were

examined during June 1951. Brief descriptions of these by Jahns (19468)

and Page (1950) do not specifically mention the rose muscovite that is

relatively abundant in one of the dikes. Two elongated pegmatite pods,

cutting the foliation of fine-grained amphibole schist, strike slightly east

of north and are exposed over a distance of about 100 feet. The northern

body is 50 feet long, 16 feet wide and is exposed to a depth of 40 feet- Its

western contact dips steeply west-northwest, whereas the eastern wall

dips about 60" east-southeast. The other dike, a few feet to the south, is

10 feet wide and is exposed for 45 feet.
The northern pegmatite is zoned with:

(1) Wall zone of quartz-sodic plagioclase-muscovite.
(2) Core of quartz with some microcline.
(3) A unit along the western margin of the core consisting mainly of quartz, cleave-

landite and lepidolite, with a maximum thickness of about 10 feet, tapering

southward.

The southern dike contains similar units, except that the quattz-

cleavelandite-lepidolite rock occurs as two irregular central pods' Rarer

minerals occurring in the cleavelandite unit are tourmaline, betyl, topaz,

spodumene, amblygonite, apatite, monazite, microlite, betafi te, tantalite,

fluorite, and bismutite.
As in the Harding dike, the rose mica is associated closely with cleave-

Iandite, which at the Pittlite deposit is mottled white to blue-gray. Much
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of it is interstitial to the blades as elongated or irregular pods, usually
one inch or less across. The microscope shows veinlets of muscovite
across cleavelandite blades or along blade contacts. Many mica flakes
have a thin rim with slightly lower birefringence. Anhedral white beryl
also is cut and dactylicly penetrated by mica veins. Many mica flakes are
bent or crenulated, with undulatory extinction. Some are peripherally
replaced by an aggregate of exceedingly fine-grained sericite of slightly
lower refractive index than the rose muscovite. Associated are grains of
deep brown microlite and coarser flakes of purple lepidolite. Fist-sized
masses of milky topaz are enclosed in a jacket of very fine-grained waxy
to coarser flaky rose muscovite. The rose muscovite is younger than
cleavelandite, beryl, topaz, and probably lepidolite, though for the latter
the relations are not clear-cut.

Petaca District, Rio Arriba Coutr,ty: Rose muscovite has been found in
pegmatites of the Petaca district, whose geology and mineralogy have
been studied by Just (1937), Northrop (1942), Heinrich and Jahns
(1946), Jahns (1946,4) and Wright (1948). A complete bibliography of
the literature on these deposits has been compiled by Jahns (1946A, pp.
15-16). Most of the pegmatites of economic importance are well zoned
and also commonly contain superimposed hydrothermal replacement
units of cleavelandite and muscovite. The chief accessory minerals of
these replacement bodies are fluorite, columbite, monazite, samarskite,
bismutite, and copper sulfides. Pink muscovite was observed in eight
deposits, or 12/6 of the 69 deposits studied by Jahns. The main occur-
rences are in the Apache and Globe pegmatites, others are in the Kiawa,
Canary Bird, Cribbenville, Conquistador and Fridlund deposits. In
none, however, is the rose mica abundant. It appears typically as small
irregular pods, six inches or less long, in cleavelandite or sugary albite or
in quartz pods within cleavelandite units. Flakes are rarely larger than
f-inch. Columbite and small flakes of pale apple-green muscovite are
associates, and in one pod from the Apache mine, pink muscovite grades
into green muscovite. Wright's conclusion (1948, p. 688) appears to apply
generally to the district,". . . the pink muscovite is also one of the latest
minerals in the Globe pegmatite."

Colorado

Quortz Creeh District, Gunni.son County: The complex pegmatites near
Ohio City resemble the Harding and Pittlite dikes, chemically and min-
eralogically. Eckel (1933), Landes (1935), Fairchild et al. (1935), Hanley
(1947), Hanley, Heinrich and Page (1950) and Staatz and Trites (1950)
have presented descriptions of the geology and mineralogy of these peg-
matites. At the Brown Derby mine are exposed three parallel dikes that
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strike N. 56'E. and dip 30-35o SE. The Brown Derby No. 1 dike, the

Iargest and mineralogically most complex, is just over 900 feet long, as

much as 40 feet wide at the surface and has been explored down dip for

65 feet.
The lithium-rich part of the dike is strikingly layered:
(0) Footwall, hornblende schist.
(1) Fine-grained aibite-quartz unit, with local cleavelandite and accessory schorl,

beryl, and lepidolite; average thickness 1.5 feet-

(2) Cleavelandite-quartz-lepidolite-topaz unit with accessory beryl and alkali tourma-

line; books of deep lavender lepidolite as much as 10 inches across form a distinct

band at the top of the unit; average thickness 2 feet.

(3) Lepidolite-quartz-cleavelandite-microlite unit. The lepidolite is generally fine-

grained; alkali tourmaline is an accessory mineral; maximum thickness 8 feet.

(4) Cleavelandite-quartz-curved lepidolite unit with local concentrations of alkali

tourmaline; maximum thickness a little less than 2 feet.
(5) Quartz-cleavelandite unit. Mainly massive quartz with veins and replacement

masses of cleavelandite; 4 feet thick.
(6) Hanging-wall, hornblende schist.

North of the lithium-rich part the dike consists mainly ol quartz-

microcline-albite-muscovite rock with minor schorl and beryl. South of

the lithium-rich part the dike forks into an eastern limb consisting of

quartz-microcline-albite-muscovite pegmatite and a western branch

made up mainly of cleavelandite-quartz rock with some lepidolite and

alkali tourmaline. In one pit in the western hmb there is exposed on the

hanging-wall contact a pod of fine-grained albite-quaftz-zinnwaldite
pegmatite with considerable columbite, monazite, schorl, garnet' and

minor gahnite and fluorite.
Most of the rose muscovite appears in unit 2 and is closely associated

with the topaz, which occurs in milky, rounded or rudely-faced crystals,

as much as four feet long and one foot in diameter. The rose mica, which
forms a jacket around the topaz crystals, coating and corroding them,

varies from microscopically felted aggregates to coarse flakes I inch across.

From many of the coatings veinlets of coarse flakes extend into and

through tine topaz crystals (Fig. 5). Some of the topaz crystals are light

pink in color but show no megascopic mica. Under the microscope' these

are seen to be strongly brecciated in diverse directions on a small scale.

Veinlets of very fine-grained pink mica follow the brecciated zones, sur-

rounding and replacing randomly oriented topaz fragments.
The White Spar No. 1 and No. 2 pegmatites (Hanley, Heinrich and

Page, 1950, pp. 77-30) are about 0.8 mile northeast of the Brown Derby
group. The White Spar No. 1, which is about 200 feet long and as much

as 85 feet wide, trends N. 20o E. and dips 3O-35o SE. A wall zone of me-

dium-grained quartz-microcline-muscovite pegmatite surrounds a quattz

core four feet thick. A core margin replacement unit of cleavelandite-
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lepidolite rock, six feet thick, has been developed along the wall zone-core
contact, together with a small pod of lepidolite-microlite pegmatite on
the hanging wall side of the core. In the core margin unit also occur beryl,
topaz, alkali tourmaline, microlite, columbite and rose muscovite. The
rose mica occurs in several ways:

(1) As fine to coarse-grained veinlets in and peripheral replacements of topaz.
(2) As veinlets in cleavelandite, with flakes as much as one inch across.
(3) As fine-grained aggregates interstitial to wedge-shaped cleavelandite clusters.
(4) As minute aggregates of flakes in quartz-microcline-oligoclase pegmatite along

the outer edge of the core-margin unit. Here coarser flakes occur in quartz, whereas
very fine-grained vermicular patches replace microcline.

Frc. 5. Rose muscovite coating and veining topaz crystal. Brown Derby No. 1
pegmatite, Colorado. X*.

California
Mesa Grande.' An analysis is recorded of a pink muscovite from Mesa

Grande (Clarke, 1915, p.330). Other minerals present in this deposit
include alkali tourmalines, alkali beryl, bavenite, apatite, pollucite,
cleavelandite, and lepidolite.

Canad'a

Manitoba

Pointe d.u Boi.s: Rose muscovites occur in several deposits in the Pointe
du Bois area, particularly in the Bear and Annie pegmatites (Ellsworth,
1932; Stockwell, 1933A,19338). The Bear pegmatite contains three well-
defined units:
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(1) Lower: Medium-grained albite-quartz-microcline-pegmatite, overlain by aplitic

scallopy-banded albite-quartz-garnet rock ("line-rock") and above that a 3-G

inch cleavelandite band. Small amounts of lepidolite, zinnwaldite, and spodumene

occur in the "line-rock."
(2) Middle: Lower and upper bands, containing large microcline crystals and quartz-

spodumene crystals with interstitial quartz, cleavelandite, and lepidolite occur

around an inner layer of lepidolite-cleavelandite-quattz rock with local beryl,

spodumene, and rose or purple muscovite'

(3) Upper: Quartz-muscovite pegmatite with minor microcline separated from unit

2 by a one-foot cleavelandite band.

Light lilac muscovite forms a massive rock of very fine scales' 1 mm'

or less in diameter, in the inner layer of unit 2. It was found exposed in an

area 5-10 feet across, together with quartz, cleavelandite and smaller

amounts of spodumen e, topaz, white to pink beryl, montebrasite' and

lithiophilite. Lilac curved muscovite, wit]n t.8070 LirO, is associated with

gray curved muscovite locally in the same unit.

Quebec

Fiedmont area, Abitibi County: Tremblay (1950) has described peg-

matites in the Fiedmont area that have qttartz cores enclosed in spodu-

mene-rich units also containing qrartz, microcline, cleavelandite, Iepido-

lite, and accessory sugary albite, beryl, spessartite, columbite-tantalite,

microlite, betafite, bismuthinite, molybdenite, and powellite' Both green

and bufi spodumene may be partly or completely altered to a lithium-

bearing mica. The relpacement begins from the margin or from fractures.

According to Tremblay (private communication) this mica is pink in

color, and the lithium content was assumed from the color and the asso-

ciation. It has the optical properties of muscovite and forms rosettes

or platy aggregates.

EuroPe

NorwaY

Irelond'-Erje District, Setesd.al: The pegmatites of the Iveland-Evje dis-

trict have been investigated by Bjr;rlykke (lg35A, 19358, 1936, 1937,

1939) and by Barth (1928, 1931). Deposits from which rose muscovite

has been recorded are Skripeland No. 1, Birkeland No. 2 and 3 and Lands-

verk. These are pegmatites in which occur a strongly developed cleave-

landite phase and various combinations of accessory spessartite, topaz,

beryl, schorl, microlite, tantalite, zircon, gadolinite, monazite, xenotime,

thorite, uranothorite, betafite, allanite, fergusonite, euxenite, and bis-

muthinite. The rose muscovite is closely associated with a green musco-

vite and with cleavelandite, occurring as:
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(1) A thin layer between topaz and cleavelandite, with the cleavage normal to the topaz
surface.

(2) Interstitial to cleavelandite blades.
(3) In vugs in cleavelandite with small aibite crystals.

Flakes as large as one-half inch in diameter occur, but most are smaller.
Hdyd.alen, Tiirdal, Telemark: A cleavelandite-rich pegmatite at Hciy-

dalen contains an albite-quartz-spessartite outer zone around &n &[l&-
zonite core largely replaced by cleavelandite and qrrartz with accessory
gadolinite, alvite, yttrotantalite, cassiterite, topa.z, fluorite, lepidolite,
lithium muscovite, and both bladed and massive pink muscovite (Oftedal,
1944). Assuming that the Sc content of micas decreases with the tem-
perature (and thus time) of their formation, Oftedal (1943) has deter-
mined the rose muscovite to be the youngest of the three micas:

g./ton Sc ToLirO

(1) Gray lithium-rich muscovite
(2) Red violet lepidolite
(3) Pink muscovite

700 l .s
5  5 . U

<3  <0 .1 -0 .3

The rose muscovite accompanies cleavelandite, with relicts of gray
albitized microcline appearing in some specimens. In thin section the gray
lithium-rich muscovite, which also is mainly interititiat to cleavelandite,
replaces the feldspar marginally and not uncommonly is separated from
the plagioclase by a narrow reaction rim of fine-grained quartz and silli-
manite needles. Small anhedral specks of fluorite also occur in the albite.

Sweden

Varutriisk: The minerals of the complex pegmatite at Varutriisk have
been described in numerous papers by Quensel and his students. Quensel
(t952), in his description of the paragenesis, lists a complete bibliography.
Berggren (1940, l94l) has analyzed the micas, and Lundblad (1942) has
studied them optically. Berggren (1940) states that the very fine-grained
rose mica occurs in the eastern wing of the pegmatite, which is a trough-
shaped body whose axis trends north-northwest. The zones of the peg-
matite include (Quensel, 1952):

( 1) Fine-grained quartz-muscovite border zone.
(2) Wail zone of coarse-grained quartz, muscovite, and schorl.
(3) Outer intermediate zone of albite, microcline, qlrartz, and beryl.
(4) Inner intermediate zone of microcline, quartz, muscovite, spodumene, and ambly-

gonite.
(5) Massive quartz core.

Upon these zones several hydrothermal replacement units have been
developed:



MINERALOGY OF THE ROSE MUSCOVITES 37

(6) A high-temperature lithium unit with lepidolite, spodumene, quartz, petalite, and
alkali tourmaline.

(7) A high-temperature cesium unit of pollucite and quartz.
(8) An intermediate- to low-temperature unit of cleavelandite, quartz, lepidolite, blue

tourmaline, Mn-Fe phosphates, Cb-Ta minerals, uraninite, and cassiterite.
(9) Veins of fluorite.

The detailed paragenesis of the rose muscovite is not fully known, but
it occurs in the cleavelandite replacement unit (8). Another rose musco-
vite, described as a purple oncosine with IJ)yo LizO is found in veinlets
in the eastern limb of the deoosit.

Finland

Kimito District: According to Pehrman (1945), the large muscovite
books of the Kimito pegmatites are yellow or gray in color, whereas the
muscovite that occurs in fine scaly masses is violet or green. He lists the
optical constants of violet muscovite from the Lemnds pegmatite.

Africa

Nigeria

Ejiba: Jacobson and Webb (1946, p. 20) state, "An unusual type of
muscovite was collected from an intensely albitized microcline-quartz-
muscovite pegmatite near Ejiba. The muscovite occurs in crystals elon-
gated along the c-axis. The books are about half an inch in diameter and
up to three inches long. At one end they are apple-green in colour and at
the other lilac. The colours grade into one another along the length of
the crystal."

The color arrangement, variation and intergradation in this mica are
very similar to those in material from Bolton, Massachusetts. The albi-
tized pegmatites contain the accessory suite: cleavelandite, sugary albite,
lepidolite, alkali tourmaline, apatite, monazite, triphylite, amblygonite,
beryl, cassiterite, columbite-tantalite, tapiolite, and microlite.

Austral'ia and. Asia

Western Australia

Pilbara, North-West Diai.sion: The Strelley pegmatite (Ellis, 1950)
contains scattered masses of pale violet to purplish muscovite, crypto-
crystalline to massive and translucent. The mica replaces (potash?)
feldspar along with pale purple chalcedony. In the Pilgangorra deposits
occur numerous small lenses and bunches of scaly pink muscovite, asso-
ciated with albitized parts of the pegmatite. Spodumene in these pegma-
tites shows varying degrees of alteration to purplish pseudomorphs com-
posed mainly of fine-grained muscovite. Partial analyses of these and
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numerous other rose muscovites from Wodgina and West Wodgina have

been made by Rowledge (19a5). Simpson (1927) also reports a rose mus-

covite from Londonderry. It varies lrom colorless to pale mauve' lilac or

sea green and occurs in association with lepidolite. Spodumene in pegma-

tites in the McPhees Range (Simpson, 1938) has been replaced similarly

by gray to nearly purple muscovite.

Japan

Suizawa, Ishigura, Mi-e Prefecture: A rose muscovite from Suizawa
has been analyzed by Iimori and Yoshimura (1929).

GBNnnar PanacpwBsrs

Although the data are incomplete for some of the deposits, the previous

descriptions are sufficient to establish several generalizations regarding

the paragenesis of the rose muscovites:

(1) Rose muscovites apparently are restricted to replacement units in zoned pegmatites.

(2) The replacement units are of the Na-Li type, commonly containing cleavelandite,

lepidolite, spodumene, topaz, beryl, and tantalum minerals.

(3) Rose muscovite forms partial or complete pseudomorphs after spodumene and

topaz, also replaces cieavelandite and beryl and occurs as overgrowths on lepidolite

or normal muscovite. Thus, in general, rose muscovites are among the very young-

est of the minerals of the replacement unit, and the sequence of mica formation is:

muscovite, lepidolite, rose muscovite.

This conclusion opposes that of Stevens and Schaller (1942, p. 533)

who state, "In the full development of the lithium stage, the mica formed

is essentially lepidolite. No new muscovite is formed at this stage. The

muscovite now present in specimens from the lithium phase is residual

muscovite from the preceding sodium phase, as evidenced by the many

examples of muscovite completely or partially changed to lepidolite, by

the pink color of this muscovite with percentages of Liro intermediate

between those of the greenish muscovites of the albite phase and those

of lepidolite, and by the border of lepidolite formed around the musco-

vite, which is often colored pink adjacent to the lepidolite border."
It appears that once the peak of lithium replacement has passed, mus-

covite of the rose type is formed, either by direct precipitation along

fractures and in cavities or through replacement of a lithium mineral such

as spodumene and of non-lithium minerals such as topaz and cleaveland-

ite.
Pnvsrca,l Pnopnnrrps

Color

Exact color determinations of rose muscovites are considerably ham-

pered by the physical nature of most of the specimens. Because of the
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general fine grain and the very pale colors, color determinations on single

sheets of standard thickness are not possible. Color can only be deter-

mined for aggregates, which under standard illumination show some

variations in their tints owing to:

(1) Variations in grain size.
(2) Variations in thickness of specimens.
(3) Variations in amount and type of admixed material or in underlying matrix

material.

However, despite these variables, reproducible determinations were ob-

tained by rectangularly masking the specimens and correlating the ex-

posed areas in juxtaposition with units of the Ridgway (1912) tables.

Except for determinations by Schaller and Henderson (1926), color

designations of rose muscovite have been entirely qualitative, employing

such terms as pink, rose, magenta, Iilac, lavender, purplish, purple, and

violet. our color designations are listed in Table 1. In thin section the

rose muscovites are colorless. Schaller and Henderson (1926, p. 10) note

very weak pleochroism in thick scales of the Harding mica. There is

normally no difficulty in distinguishing, colorimetrically, between the

rose muscovites and the so-called "ruby" muscovites. As has been pointed

out by Jahns and Lancaster (1950, p. 43), most "ruby" micas are buff,

drab, and cinnamon brown, However, because of their color, the rose

muscovites have been confused repeatedly with lepidolites. Wherever the

two similarly colored micas are closely associated, the lepidolite generally

is characterized.by a more bluish or purplish tint (Schaller and Hender-

son 1926, p.9), but in some cases color alone does not suffice and an LirO

determination or an r-ray photograph is required. Because of this color

similarity probably many rose muscovites have remained unrecognized,

and the variety may well be more common than the published record in-

dicates.

Optical Constants

In Table 1 also are listed the optical constants of representative rose

muscovites studied as well as some scattered data from the literature.

The ranges in values are remarkably narrow in our measurements:

a : 1 . 5 5 3 - 1 . 5 5 6
0 : 1 . 5 8 G 1 . 5 9 5
z : 1 . 5 8 7 - 1 . 5 9 9
2Y:42-46i",r ) o weak

Average values

d : l . J J J

p :1 .  s86
t : 1 . 5 9 2
2V:45"

All three indices were measured on an Abb6 refractometer, and B and 7

also were checked by means of the immersion method. 2E was deter-

mined. by means of the Mallard equation, and 2V was calculated'
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The refractive indices of rose muscovites are consistently lower, by

0.01-0.02, than the averagevalues for 250 specimensof other pegmatit ic

muscovites, and the 2V values for rose muscovite are higher than those of

the other pegmatitic muscovites. The purple muscovite from Pilar,

N.M. (Schaller and Henderson, 1926) is optically not a rose muscovite, as

here defined. Its color is much deeper, with strong pleochroism, the in-

d ices of  ref ract ion are unusual ly  h igh:  a:1.565,  F:1.597,v:1.602,28
:77'. Jakob (1925) also has described an allegedly pale rose muscovite,

but examination of a specimen of his analyzed material shows it to be a

typical "ruby" muscovite, both in color and indices.

Structure

As demonstrated by Levinson (1952) there is a strong correlation in the

muscovite-lepidolite series between LizO content and structure. Musco-

vite (O-3.3/p LizO) is invariably two-layered monoclinic; lithian musco-

vite is two-layered monoclinic with consistent, small-scale departures

from the normal muscovite structure; most micas of this series with 3.4-

4.07aLirO are structurally transitional, consisting of both 2-layered and

6-layered polymorphs; Iepidolites are 6-layered (4.0-5.170 LizO) or

1-layered monoclinic (>5.17o LirO). All of the rose muscovites studied

have the two-layered monoclinic normal muscovite structure and normal

cell dimensions.
Chemi.stry

Selected previously pubiished analyses of rose muscovites are collected

in Table 2. They show little variation in SiOz or AIzOr. Total iron is very

low, normally less tinan l/6, and, where determined, MnO or MngOa is

present in small amounts. LirO is very low, usually less than 0.5/6.

Five new analyses of rose muscovites are presented in Table 3. Again

variations in SiOz and AlzOa are not significant; LizO contents are simi-

larly very low; total iron is very low, and MnO exceeds total iron in all

but No. 1. Fluorine averages a l itt le less than t/6.'Ihe formulae, which

show the close relation to other muscovites, are:

1. (Kr zNa)r.s(Mno oz, M8, Fe)o oa(Alr s, Lio ozFe3o s2Ti)3 a(Sio, Alz)sOre.zOHrFo a'

2. (Kr.z, Na, Rb, Ca)z oMno oo(Als a, Lio:, Fe3)r a(Si;.s, AIz r)sOrg eOHrFo a.

3. (K, t, Na, Ca)r.eMno 04(Al3.s, Lio ), u(Sir s, Alz r)sOrg OHr rFo s'

4. (Kr s, Na, Ca)z 2Mn0 1(AlB n, Li6 r)t s(Sir s, Al, t)tOrs.sOHa rFo:'

5. (Kr a Na, Rb, Cs):.0(Mn oz, Mg oz) or(Als a, Lio t)n.t(Siu, Alr)sOre eOHr rFo.r'

The rose muscovites are low Fe, Iow Mn, normal Si muscovites, with

consistent minor Li, F, Rb, and Cs. The rose muscovites, despite their

color, cannot be grouped with alurgite, which is characterized by high

SiOr content and is best classed as ferrian phengite. They also differ

chemically from the red mica from Cajon Pass, Calif ., so-called "alurgite,"
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T.q.sre 3. Nnw Ax.tr-vsrs ol RosB Muscovrrr

43

SiOz
Tio:
Al:Os
FezOs
FeO
MnO
Meo
LirO
CaO
NarO
KrO
Csro
RbrO
HrOt
Hro-
F

n - F

45.00
0 . o 2

37 .41
0 . 1 2
0 . 0 5
0 .  1 5
0 . 0 6
0.02
0 . 0 3
0.  63

10.50
n.d.n
n .d . *
4 . 4 8
0 . 6 8
0.  78

99.93
0 .33

45 03
0 . 0 2

36.  33
0 . 1 4
0 . 0 2
0 . 4 1
0 . 0 5
0 . 4 1
0.09
0 . 6 9

10.  50
0.06
0 . 7 9
4 . J O

0 . 7 9
1  . 0 1

100.45
0 . 4 2

45 .60
0.03

35.  96
0 .  10
0 .02
0 .37
0 .05
0 .63
0 .08
0 .59

r0.52
n.d .+
n.d.*
4 . 8 1
0.44
l . J t

100.51
0 . 5 5

45 .54
0 .07

36 .36
0 .25
0 .02
0 .80
0 .07
0 .06
0 .09
0 .  57

l0.76
n.d . *
n.d.*
4 . 3 5
0 .  5 5
0 . 6 2

1 0 0 . 1 1
0 . 2 6

45.24
0 0 1

3 6 . 8 5
0.09
0 . 0 2
0 . 1 2
0 . 0 8
0.49
0 0 0
0 . 6 4

10.08
0 . 2 0
0 9 3
4 . 1 2
0 . 4 6
0 . 9 1

t00.24
0 . 3 8

Total 99.60 100.03 99.96 99.  8s 99. 86

Anolyst: Eileen H. Oslund, Univ. Minnesota, Rock Anal' Lab.
x n.d., not determined: Cs and Rb weighed and calculated as K.

LizO, Cs:O, RbzO by flame spectrophotometer, R. B. Ellestad, onalyst'

1. Birkeland 2, Iveland, Norway.
2. White Spar No. 1, Gunnison Co., Colo.

3. Brown Derby No. 1, Gunnison Co., Colo.

4. Apache, Petaca, N. M.

5. Pittlite, Rociada, N. M.

of Webb (1939) and the reddish mica from Pilar, N. M., of Schaller and

Henderson (t926), which are ferrian muscovites. Neither alurgite nor

ferrian muscovite contain lithium, whereas the rose muscovites always

contain small amounts of that element.

Minor Elements

The various minor elements recorded spectrographically in rose mus-

covites are l isted in Table 4. Included also are the contents of FezOa and

MnO, which are in general agreement with the results of wet chemical

analysis on other samples from the same localit ies. Ahrens (1948) has

demonstrated that the Harding mica is unique in its very low Rb-TI

ratio, RbzO/Tl2O:12. His muscovite with the next lowest ratio has

RbrO/TlrO:30. Glass (1935) for No. 2, Tab\e 2 determined the absence

of BeO and the presence of B and Sn. Table 4 shows that the rose musco-
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vites consistently contain significant quantities of Rb, and most of them
also have small amounts of Cs. Ga and Sn are usually present, as is Ba
in very minute amounts. Cr, V, Sr, Si and Co are very rarely present or
are absent entirely. The absence of Sc is in general accord with the results
of oftedal (1943).

Terr,r 4. MrNon Er,nurNrs rN Rosr Muscovnrs

Fezo:
MnO
CrzOg
BaO
RbrO
C.rO
SrO
SnOz
Ga:O:
Sczo:
VsOs
CozOs

0 . 1 2
0 . r 7

0.0003
0 .29

0.002
0.008

0 . 1 2
0 .38
0.0001
0.0004
0 .41
0 . r 7

0.04
0 .019

0 .  15
0 . 2 5
0.0001
0.0003
1 . 0
0 .08

0 .03
0 .037

0 .08
0 .45
0.0001
0.0005
1 . 8
0 . 1 7
0.003
0 .07
0 .05

0 . 1 9
0.  95

0.002
0 .26
0 . t 2

0.004
0.035

0.04
0 .  10

0.005
0.009

0 .09
0 .22

0.0003
0 .62
0 . 2 8

0 .014

0.0004

0 . 1 2
0 .  15

0.001
0 .46
0 .07

0 .05
o.021

Spectrochemical determinations by Charles E. Harvey.
1. Birkeland 2, Iveland, Norway.
2. Hdydalen, Telemark, Norway.
3. White Spar No. 2, Colorado.
4. Brown Derby No. 1, Colorado.
5. Apache, Petaca, New Mexico.
6. Pittlite, Rociada, New Mexico.
7. Harding, New Mexico.
8. Bolton, Massachusetts.

CeusB ol  CoLoR

Several suggestions have been advanced in previous studies regarding
the cause of color of rose muscovites. Iimori and Yoshimura (1929), who
report 1.6570 of (Cu, Pb)O in their analysis, believed that the color re-
sults from the presence of the Cu in the colloidal state. Spectroscopically
they also detected Sc, Y, La, Eu, Gd, Dy, and Er, but regarded the
quantity of Er and Eu too low to cause the pigmentation. Micke (1950)
postulates a rhythmic variation in F to account for pale violet zones in
muscovite, but ofiers no supporting evidence. Webb (1939) thought Ti
caused the red color of the California "alurgite," but Meixner (1939)
pointed out that other micas of similar general composition and of similar
Ti contents are not red. Co was suggested as a possible coloring agent,
but Table 4 shows that the Co content of rose muscovites is nil.

Because of the color similarity to some lepidolites, a few investigations
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have attempted to relate the rose color of these muscovites with Li con-

tent. EIIis (1950) for example, in describing the replacement of feldspar

in the Main Tantalite Dike at Strelley by fine-grained pale purple chalced-

ony that grades into cryptocrystalline rose muscovite suggests that the

color of both is due to Li. There is, however, no correlation even in lepido-

Iites between color and Li content. High-lithium lepidolites may be

purple, gray, or even white.
That the rose muscovite color depends on the presence of Mn was ad-

vanced early and has since been reemphasized by several workers. Mallet

(1857) stated with regard to the Goshen mica, ". . . and there can I

think be little doubt that both are essentially potash-micas of the species

muscovite, the rose-colored being probably tinged by oxyd of manga-

nese." Likewise Bowman (1902) reiterated that, "The MnO . . '  is prob-

ably the cause of the pink colour of the mineral, but it does not appear

to be present in weighable amounts'" Schaller and Henderson (1926, p'

11) state, ,,In chemical composition there is very little variation in these

micas from that of normal muscovite. Small quantities of iron and man-

ganese are present as inherent parts of the mineral, probably replacing

alumina (sic), and their combined color effect produces the abnormal

color and pleochroism of the mineral." There exist today numerous anal-

yses of non-rose or non-purple muscovites that contain small amounts

of MnO as well as amounts of FezOs considerably above that reported by

Schaller and Henderson (1926) in the Harding mica, which has FezOa:

0.67Ta. It seems unlikely, therefore, that the combined effect of small

amounts of these ions brings about an abnormal coloration that cannot

be produced by larger quantities of the same elements.

As has been pointed out by Shibata (1952) the pigmenting agents in

muscovite are Fe2, Fe; and Mn; Ti is normally negligible in muscovites.

In an ordinary mica analysis the valence of Mn cannot readily be deter-

mined, and any Mn present is usually reported as MnO. If FeO is present

in the muscovite it is to be presumed that Mn is present only as Mn2,

for Fe is more easily oxidized than Mn:

Fe2++FeB++e
Mn2++Mn3+e

Eo (in volts)
0 . 7 7
1 . 5 1

In most muscovites FeO, or FeO*FezOa, is greatly in excess of MnO,

and any coloration effect that Mn2 could contribute is masked by the

efiects of the Fe2 or Fe3 ions, for compounds of bivalent Mn are only

faintly colored. Ilowever in muscovite in which Fe2 is negligible and only

small amounts of Fe3 are present, the Mn can and may well exist as Mn3,

which is a strong chromophore. In the newly analyzed rose muscovites of

Tables 3 and 4. FeO is nearlv absent and MnO)FezOs*FeO in a'l l
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micas but No. 1, in which FeO*FezOs: MnO isrzl: 1. Micas 2-5 are dis-
tinctly rose colored, but No. 1, from fveland, Norway, is of an exceed-
ingly pale rose tint, and flakes in some parts of the aggregate are com-
pletely colorless or even a very faint green. The rose muscovites owe
their delicate and unusual color, therefore, not to the mere presence of
either Fe or Mn, nor even to their combined presence, but to the essen-
tial absence of Fe2 and the equality or predominance of Mni with respect
to Fe3.

This conclusion is substantiated by Jacobson and Webb (1946) who
found that in their zoned mica books the green part had a higher Fe/Mn
ratio than the rose part. Further support is ofiered, for example, by two
analyses of muscovites by Ellsworth (1932, pp.266*267). The two curved
micas occur together in the Annie pegmatite. The li lac (No. 10, Table 2)
contrasts with the srav:

Fezo:
FeO
MnO
Ltro

Li.lac
0 . 1 2
0 .  1 0
2 . 3 2
1 .80

Gray
2 . 2 0
2 . 5 7
0 . 9 0
0 . 9 0

rn lepidolites, the color variations also are related to fluctuations in the
Fe/Mn ratio. The role of Mn in the coloration of lepidorite has been
stressed, for example,by Hintze, 1897 and by Doelter, 1917. As stated
by Shibata (1952 p. 160), "Lepidolite is pink or violet, which is due to the
color of manganese. Lepidolite is sometimes colorless when it is poor in
Mno. Lithium is not a color agent. . . ." Those lepidolites that are coror-
less or of very pale colors usually have Fe: Mnszl: 1; those that are gray
normally have Fe)Mn, whereas the purple lepidolites contain more
Mn than Fe.
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