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Ansrnecr

The Brown Derby No. 1 pegmatite, of Gunnison County, Colorado, contains a highly

diversified suite of micas: biotite, muscovite, zinnwaldite, rose muscovite, sericite, and five

major varieties of lepidolite. Each of the micas was formed in a unit of characteristic min-

eralogy and texture. Chemical analyses demonstrate that the Li micas show nonsystematic

variations in both major and minor elements with respect to their positions in the pegmatite

and probably with respect to relative time of formation. These data coupled with nonsys-

tematic variations in texture and mineral composition, and cross-cutting structural relation-

ships indicate that the albite-Li mica units are not primary zones but are replacement layers

formed by reactions between zonal pegmatite rock and deuteric, residual pegmatitic fluids

in a closed-system environment.

INrnotucrtoN

The Brown Derby group of pegmatites, Iong known as one of the most
celebrated of mineral occurrences in the I{ocky Mountains, is in Gunni-
son County, Colorado. The group, which forms the most interesting and
important swarm of dikes in the Quartz Creek pegmatite district, is well
exposed on the upper slopes of the east side of Quartz Creek about 6 miles
northeast of Parlin at the junction of Colorado State Highway 162 with
U.S. Highway 50.

The first description of the Brown Derby No. 1 pegmatite by Eckel
(1933) was followed shortly by two other brief notices (Landes, 1935;
Eckel and Lovering, 1935). The pegmatites were mapped between 1942
and 1944 by teams of the U.S. Geological Survey (Hanley, Heinrich and
Page, 1950; Hanley, 1947). From 1948 to 1949 the geology of the entire

Quartz Creek district was studied bv Staatz and Trites (1955). General
observations on the geology of the pegmatite district have been made by:
Heinrich (1953) in describing the district zoning;Mcl-ellan (1956) in dis-
cussing the economic geology; Heinrich (1957A) in defining Colorado
pegmatite provincesl and by Heinrich and Vian (1965), who compared
the Brown Derby mineral assemblage to those of several other Li-rich
pegmatites in Colorado and northern New Mexico.

Many of the more unusual minerals of the Brown Derby pegmatites
have been studied in detail (Table 1).

The chief purpose of this paper is to present a chemical and paragenetic
study of the micas of the Brown Derby pegmatites and to discuss their
origin.

t Contribution No. 288 from The Mineralogical Laboratory, Department of Geology

and Mineralogy, The University of Michigan, Ann Arbor, Michigan.
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GBor,ocv oF THE Poclr.qtrBs

The Brown Derby group includes a swarm of three main dikes and

several minor ones that strike generally northeast and dip 20-35' SE

into the steep upper valley side. Dike No. 1 (the original discovery site) is

the uppermost (and easternmost) of the three; parallel dikes 2 and 3lie

120 and 220 fieet respectively, east of No. 1, down slope (}Ianley et al,,

1950). The dikes range in thickness from a few feet to about 40 feet; dike

No. t has a strike Iength of about 1000 feet. Local variations in thickness

Tasr,r 1. MrNnners Srurrnr, BtowN Dtnsv PncMarrrss

Mineral l{eferences

bismutite

columbite

garnet (yttrian)

lepidolites

microlite

monazite

muscovite (pink)

stibiotantalite

tourmaline

Heinrich, 1947

Heinrich and Giardini, 1956, 1957 ; Heinrich, 19578;

Heinrich, 1962

Jaffe, 1951

Stevens, 1938; Stevens and Schaller, 1942; Winchell,

1942; Ahrens, 1951; Heinrich et al'.' 1953

Eckel and Lovering, 1935

Heinrich, Borup and Levinson, 1960

Heinrich and Levinson, 1953

Heinrich, 19578; Heinrich and Giardini, 1957;

Hamilton, 1957; Heinrich, 1960

Staatz et atr., 1955

are common and abrupt, commonly associated with distinct convolute

changes in strike and in the angle of dip ("rolls"). Both along strike and

down dip the dikes branch (Hanley et al, 1950; Mclellan, 1956), and

they are probably completely interconnected. The wall rocks are dark

hornblende schists with interlayered biotite schist. Age determinations on

the parent granite to the south gives a Rb/Sr age of 1310 m.y. (Tilton

et at, 1957). K-A dates on Brown Derby muscovites and lepidolite gave

1250, 1260 and 1300 m. y. (Aldrich et al, t957).
Like flat-lying pegmatite dikes in most other districts, the internal

structure is strongly asymmetrical; similarly along the strike marked

changes appear in the petrologic units. Several examples of the sequence
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of internal units are shown in Figure 1. Mineralogically these units fall
in to two d is l inct  t1 'pes:

1. Those made up chiefly of. qtartz, microcline, albite (not cleave-
Iandite) biotite and muscovite, with accessory schorl or dark green tour-
maline, blue beryl and columbite.

Albile-quorlz

Quoilz

Cleovelond[e

Curved leqdolae- topoz
Quodz veined ond reDloc(d

by cleovelondile
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BA
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O  ]  2  3  4  5 F E E T

Alb i le .quodr
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C
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O 5 FEET

Frc. 1. Cross sections of various parts of the Brolvn Derby No. l pegmatites. Units are
shown conformable, but some become transgressive along the strike. Data from Hanley
et al. (195O), Mcl,ellan (1956) and Heinrich, personal observations.

2. Those made up mainly ol quartz, cleavelanditic albite, several
types of lepidolite, multicolored pink, red, l ight green, yellow, and li lac
tourmalines plus accessory microlite, stibiotantalite, topaz, rose musco-
vite, f luorite and rose beryl.

Although, in general in earlier erposures, units characterized by abun-
dant cleavelandite-lepidolite rock were found to be crudely conformable
in strike and dip with the general over-all pegmatite structural attitude,
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later exposures showed them to be crosscutting in most cases. This was
particularly well displayed in new exposures made in 1959 on the Brown
Derby No. l dike just south of the main incline where exposures show:

1. A three-layer banded unit composed of cleavelandite and lepidolite
that strikes at right angles to the strike of the dike, directly across the
attitude of the original zonal structure (Figs. 2,3).

2. Six-inch composite veins of lepidolite bands and cleavelandite bands
in comb structure cutting across Iarge microcline masses. Similarly, in

\ d  . :
; * " s t * :

;!

Frc. 2. Lenticular bodies of cleavelandite-lepidolite pegmatite (just east of lower center

and behind man's shoulder) and cleavelandite pegmatite (in NE quarter), cutting quartz-

microcline pegmatite of Brown Derby No. 2 dike. Note corroded microcline relicts (above

man's knee). Cleavelanditic units lie at nearly right angles to strike of dike (essentially

east-west of photograph).

the deeper parts of the workings of dike"No. 1, contacts of Li-rich units
are discordant with respect to the general attitude of the dike. In addi-
tion, in dike No. 1 the footwall side of the quartz-core pod has been
strongly albit ized and large blue beryl crystals have been partly replaced

by albite.

Tnn Mrc.q.s

Micas are unusually well developed in these pegmatites: muscovite,
biotite, zinnwaldite and lepidolites are represented, the last occurring in a
variety of grain sizes, forms and associations, ,Indeed it is probably f or its
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extraordinary, large books of lepidolite that the Brown Derby is minera-
logically most famous; some of these have been found measuring 10
inches across. New anall,ses of the micas are given in Tables 2; for-
mulae in Table 3.

Biotite. Biotite is common locally in outer zones. In dike No. 2 the border
zone is an albite-quartz-biotite rock with accessory garnet and tour-

maline. Biotite occurs locally in the wall zone of dike No. 1 in quartz-
plagioclase-microcline pegmatite with accessory magnetite.

Muscovite. The main wall zone rock in dike No. 1 is a quartz-plagioclase-
microcline-muscovite aggregate. The muscovite occurs in flakes as much
as several inches across. The composition of the associated plagioclase is
Abez-so. For the chemical composition see No. 224, Table 2.
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Telr,r 2. Crrnlucal ANlr.vsps or Mrces lRoM TrrE
BnowN Dlrngv No. 1 Pncnerrrn

SiOz

AlzO:

FezOr

MnO

NarO

(K, Cs):O

3 2 . 9 1 32 .88

0 . 2 7

3 . 3 1 3.  s3

0 . 3 5

0 5 5 0 . 8 2

0 . 6 0 0.  70

10.06

!'eO

Lt:O

0 . t 41 . 3 6

50 .33 52 .38 50.  28 5 5 . 1 7 50.92

24.62 24.06 26.92

0 . 0 8 0 .02

0 .00 0 0 7 0  . 0 1

0 .07 0 . 0 2

2 . 2 1 0 .04 0 .04

5 . 2 6 4 . 6 1

o .49 0  .35 0  .33

1 .  s 3RbrO 0 6 2

H:O- 0 . 4 6 0 . 3 6 0 . 2 8 0 . 3 1

HzO+ 3 .68 0 . 6 2 1 .00 1 . 5 9

7 .82 o . 4 l 6  . 7 1

O : F o . 6 2 3 . 2 9 2 . 7 2 2 . 8 2

Mso 0  . 0 1

0.003

0.006

0.0004

0.023

0  .021 0.03s

Total
224-Muscovite

1341-Zinnrvaldite
499-Fine-grained lepidolite in albite
503-Coarse,  th in p late lets ot  lepidol i te
504-Fine-grained lepidolite in masses with microlite
.508-Curved lepidolite
511 -Book lepidol i te

Elements through CaO determined by R. L. Craig; others by C. E. Harvey; CozOe,
SczOr and CrsOr absent

1 . 4 8

0 .02

0 .02

o .02

0 .44

5 . 4 6

0 .  5 1

9 . 8 1

4 2 6

o .64

10 .06

1 . 2 0

0.00s

7  . 9 7

3  . 3 6

0 .03

0.004

0 . 9 5

0 . 0 1

0.005 0 .002

0 .006

o .026

0.031
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'Ilnrr 
3. Forltul,,ts ol'rnr: BnowN DnnnvMrcas Cer-cur-erro lrom Amerysns rs Tlern 2

Formula

muscovite

Zinnwaldite

lepidolite

lepidolite

(Kr.az,  Nao.zr ,  Ca,  Rboog, Cs)(nei l '  Mn6.6a,  Mg)
(A13.a1, Li6.36, Fef.ln, Tio.or) (Sie rz, Alr.ss)Ozo.u(OHz.as, Fc s7)

(K1 6e, Na6 ze, Ca, Rbo oc, Cs)(F-eilo, Mn6 p, Mg)
(Als s6,  L ig 

" ,  
F" i ln,Tio 03)(Si6 rs,  Alr  sz)Oro m(OHr:r ,  Fo sr)

Iepidolite

(K1 5a,  Nas:r ,  Ca,  Rbszs,  Csooz)(Fe2+, Mn6s,  Mg)
(AIz es, Lit rs, Fe3+, Ti)(Si6 66, Alr r+)Ozo or(OH' ar, Fz e:)

(K1 5a, Nai rz, Ca, I{be zr, Cso or)(l ie2+, Mns n5, Mg)

(Al2 68, Li2 ,r, Fe,*, Ti)(Si6 e6, Al' o+)Ozo rs(OHn 55, Ir3 36)

(K1 61,  Nas zs,  Ca, Rbo:rCs)(Mns 5,  Mg6 a)
(Alr b5, Li2 *Irel*"r, Tio or)(Sre z:, Alr:z)Ore gr(OHo og, Fs;n)

(K1 75,  Na6rs,  Rbo*,  Cs)( I re i i ,  Mnnp)
(Al2 b0, Li2 zr, Fe3+, Tio 0r)(Si6 zo, AI, ro;6,, zo(Olfr ro, Fr zo)

(K'  77,  Na6r+,  Ca, Rbou, Csoot)(Fef i j ,  Mnoro,  Mgoo,)
(Ah uo, Li, zz, Fet+, Tio 0r)(Si6 65, Al1 35)Ors sz(OHr oe, F: sr)

iepidolite (K'  a3,  Na6 11,  Ca, Rbe r ,  Cso r) (F" i l r ,  Mn, Mg)
(Al2 e4,  L i2,r ,  F" l i , ,  T i ) (Si? a,  AJ6 76)Ozo la(OHo ss,

lepidolite (Kr  s r ,  Nao r3 ,  Ca,  Rbq: ; ,  Cso or ) (Fe2+,  Mg,  Mn6 q)

(Al2 &r, Li2 rs, Fe3+, Ti)(Si6 20, Alr r0)O,e zs(OHr +r, Fz sr)

1 Stevens (1938, p.  615).
'? Winchel l  (1942,no 10,  p.  11.5) .

Rose Muscovites. The rose muscovites have been studied in detail by
Heinrich and Levinson (1953) including two chemical analyses. In the
Brown Derby No. 1 dike, rose muscovite occurs chieflf in the curved
lepidolite-topaz unit (Fig. 1A), closely associated with the topaz which
some of it replaces. In theoWhite Spar No. 1 dike, about 0.8 mile north-
east of the Brown Derby group, rose muscovite is abundant, also as a re-
placement of topaz and as veinlets across cleavelandite. This mica is
post-lepidolite in age and the youngest of all the micas (Heinrich and
Levinson, 1953) except for sericite.

Lepid,olites. At least f ive distinct tvpes of lepidolite, based on flake size,
association and form, occur in the Brown Derby dikes: (1) uniformly
fine-grained flakes disseminated in albite, (2) coarse platelets scattered
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through cleavelandite-q.uartz aggregate, (3) fine-grained masses of al-
most pure lepidolite with disseminated grains of microlite, (4) curved
bowl-shaped masses, and (5) Iarge thick books.

1. Fine-grained lepidolite flakes in albite. The color is reddish l i lac;
flakes are l/16-l/8 inch across. The analyzed material contained both
the 1M and 6M lepidolite structure from single crystal studies; from the
powder diffraction study only the 6M Iepidolite structure was deter-
mined. Chief associates are albite (Abe5), gray quartz, blue-gray apatite,
and a rare grain of microlite. It occurs locally in the lepidolite-quartz-
microlite unit (Fig. 1A). The chemical analyses are in Table 2, No.499.

2. Coarse thin platelets in cleavelandite-quartz aggregate. The color is
dark reddish purple;flakes measure about l/4inch across. The structure
is 1M lepidolite; the powder data show predominantly the 1M type with
a small amount of 6M. Chief associates are cleavelandite (Abos) and light
gray quartz. This lepidolite occurs mainly in the cleavelandite-quartz-
lepidolite-topaz rock (Fig. 1B). The chemical analyses are presented in

TabIe 2, No. 503.
3. Fine-grained masses of lepidolite. The color is pale gray-li lac;flakes

are I/16 inch or less in diameter. The structure is 6M lepidolite by the
powder method. Chief associates are microlite and very minor amounts of
interstit ial albite. It is confined to the fine-grained lepidolite-quartz-
microlite unit (Fig. 1, A,B). The chemical analyses are given in Table 2,
No. 508.

4. Curved lepidolite. This variety is pale silvery l i lac in color. It oc-
curs in thick curved shells, some of which are 4-5 inches agross and al-
most an inch thick. The structure is 6M lepidolite by the powder method.
Chief associates are qtrartz and cleavelandite (Absz). It is confined to
parts of the curved Iepidolite topaz unit (Fig. 1, A) and the curved lepi-
dolite-cleavelandite-quartzlayer (Fig. 1, B). The chemical analyses are
given in Table 2, No. 511.

5. Book lepidolite. The books, which are as much as 10 inches across
and 2 inches thick, are a medium bronze-li lac in color. The structure is
6M lepidolite by the powder method. Chief associates are quartz, albite
(Ab*), topaz and pink and green tourmalines. It appears primarily in the
book lepidolite band (Fig. 1, A, B).New chemical analyses are given in
Table 2, No. 504; see also Stevens (1938, p. 615) and Winchell (1942, No.
10 ,  p .  115 ) .

Z,innwaldite. Zinnwaldite was found chiefly in but a single prospect pit-
pit No. 11, in a pegmatite "arm" that appears to connect dikes 2 and 3
near their southern ends (Hanley et al, 1950, Pl. 9). Here it occurs in a
pod of very limited size of relatively fine-grained albite (Abga) -quartz-
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'I'err,o 4. Gnnone.rrzno SeeunNcBs or trre Mrcns

Anal. No.

Hanging rvall

Footwall

S 1) atial' di.str ibution
biotite
muscovite
curved lepidolite
fine-grained lepidolite, with microlite

large book lepidolite
coarse, thin lepidolite platelets
fine grained disseminated lepidolite
zinnwaldite
muscovite

224
5 1 1
508
504
503
499

t34l

T em p or al ili s tr ibution

biotite
muscovite
curved and fine grained

microlite-bearing Iepidolites
large book lepidolite
coarse lepidolite platelets
fine-grained disseminated lepidolite

zinnwaldite
rose muscovite
sericites

Youngest

zinnwaldite rock. Accessories in this unit include monazite euhedra (as
Iong as 2 in.), columbite (72/6 NbrOs), euxenite, spessartite, gahnite and
schorl. The color is a deep bronze-black. The structure is 3H. The chemi-
cal analyses are in Table 2, No. 1341.

Sericite. Very fine-grained sericit ic muscovite occurs as replacements of
the following minerals: 1. microcline, along with small amounts of purple
fluorite in vuggy aggregates and,2. tourmalines.

Pan,q,crNBsrs

If it can be assumed that the layered units composed of various albite-
lepidolite rocks were developed, in time, successively, downward from the
bottom of the quartz core,r then the paragenetic sequence of the micas
approximates the spatial sequence (Table 5). A similar relationship was
postulated by Staatz et al (1955) who related variation in tourmaline

1 Which, as mentioned earlier, is asymmetrically situated near the top of the pegmatite.

Oldest

Group I

Group II

Group III

224
5 1 1
508
504
503
499

t34l
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composition with distance from the contact between albite-quartz peg-

matite (their "core") and cleavelandite-quartz-lepidolite pegmatite
(their "wall zone"). Their thesis is that the more distant the tourmaline
is from this contact the older it is;the older tourmalines being thus in the
outer parts of the pegmatite, the younger in the interior parts. The re-
sults of their studies are summarized in their abstract (Staatz et ol,, L955,
p.  78e) :

"Tourmaline crystals of the bizonal, lepidolite-bearing Brown Derby pegmatites

no. 2 and no. 3 of Gunnison County, Colo., show a consistent variation in color, refrac-

tive index, and composition with position in the pegmatite. Starting with the outer wall

of the pegmatite and going inward toward the core, the colors of the tourmaline crystals

are black, dark green, blue, light green, and pink. The omega index decreases from

1.655 to 1.635 in the same direction.
The concentration of K, Rb, Cs, Pb, Be, and Li in tourmaline increases toward the

pegmatite core. Fe, Mg, Ti, Na, Co, Ni, Cr, and V decrease in concentration toward

the core I the last four are restricted to the crystals of the outermost part of the pegma-

tite. The main variation in tourmaline composition is a substitution of lithium for iron.

Elements that remain more or less constant are Ga, Sr, Sc, Zr, Nb, Sn, Cu, Bi, and Zn'

The concentrations of Mn, Y, and La show an interesting maximum at an intermediate

position between the pegmatite wall and core."

Staatz et al (1955) make no mention of the fact that many tourmalines
in the Brown Derby pegmatites are zoned; thus relationship of color and
composition to position within the pegmatite is not usually as simple and
straightforward as they describe.

A number of attempts were made to relate certain compositional varia-
tions in the micas (particularly the Li micas) to their "stratigraphic"
positions within the pegmatite. An exact distance from a contact could
not be used inasmuch as the various albite-cleavelandite layers are of
variable thickness. Nor, as can be seen from Figure 1, is the sequence of
layers in all parts of the dike the same. Plots that were tried included:

(1) Position as "volati le index":F/O+OH+F (1) Position tts Mnf
p.z+1Mn*Mg (3) Position os Rb/K*Na*Ca*Rb*Cs (a) Position
ts Sr, Ba, Sn, Ga. None of these plots showed any systematic variations.

Thus we are confronted with a series of micas (particularly the lepi-

dolites) that show, both with respect to their position within the peg-

matite and probably also with respect to their relative ages, nonsystem-
atic variations in: (1) texture and grain size (2) associated minerals (3)

structure (4) general composition (5) minor elements.

CoNcrusroNs

One of the major differences between pegmatite zones and replacement
units is that in the former, textural, modal and mineral-compositional
variations are systematic, whereas in the latter these characteristics vary

erratically (Heinrich, 1948, 1953; Cameron et al, 1949).
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A common misapplication of terminology among students of peg-
matite origin concerns the use of the term "hydrothermal replacement
units." Staatz et al (1955, p. 803 804) conclude:

"The change noted in the Brown Derby no. 2 and no. 3 pegmatites is a gradual one
that is most simply explained by means of a single process in which the pegmatite
fluid changes in composition cluring crystallization. In other words the tourmaline was
formed from one fluid whose chief method of change was of decreasing some elements
by crystallizing out minerals rich in these elements and increasing the elements left in
solution. Hydrothermal replacement, with its i.nflux oJ naa fluid,s (italics-EWH), would
produce erratic variations in the concentration of such elements as lithium and iron
from the outside rvall to the core. This is not what is found, and it is believed that the
trvo pegmatites were formed in a closecl system by gradual crystallization from the
wall inward."

Both the new geological and mineralogical data presented here require
modification of this theory. The writer believes that:

1. The pegmatites formed under closed-system conditions.
2. The process was a gradual, continuous, but, nevertheless, two stage afiair in which

an early magmatic stage (direct crystallization from a fluid inwarcl) was succeeded by a
hydrothermal stage (reaction of newly crystallized zonal pegmatite with residual hydrous
pegmatitic fluid) in ivhich the asymetric layered replacement units were formed.

3. The hydrothermal fluid was not introduced from an external source but was derived
by fractionation from the pegmatite magma analogous to the way in which the pegmatite
magma was descended from its parent granitic magma.

4 Characteristic and diagnostic of the hydrothermal stage are nonsystematic variations
in the composition of some multigenerational species (at least with respect to position
within the pegmatite), particularly lepidolites,t owing to the achievement of only local
equilibrium conditions
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