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Ansrnacr
Bismutite is a common accessory mineral in pegmatites in colorado and northern New

Mexico. rn three pegmatites in south-central colorado (Mica Lode and school section
deposits, Fremont county, and Meyers Ranch body, park county) beyerite is inter-
grown with bismutite. These minerals are supergene alterations of late, hydrothermal,
metallic minerals-native bismuth, bismuthinite, and various bismuth-bearing sulfo-
salts. Beyerite, which is analyzed for the first time, has the composition (ca, pb) Bi2
(COa)2O2, two molecules of which are contained in the unit cell.

fNrnopucrroN

During the fall of 1942 and the spring of 1943 the writer examined peg-
matite deposits in south-central colorado for the Geological Survey,
united states Department of the rnterior. During these investigations
bismuth carbonates were observed as accessory pegmatite minerals. A
preliminary note on their occurrence has been recorded (Heinrich, 1946).
Field work on Colorado pegmatites was resumed in the summer of
1946 under a grant from the Brodrick Fund of Harvard university. The
work centered around the Eight Mile Park area, just west of Canon
City (Heinrich, 1947, and Wolfe and Heinrich , 1947) but other pegmatite
districts in colorado also were examined. The occurrence of bismuth
minerals in the pegmatites was studied in detail. The purpose of this
paper is to describe the geology and mineralogy of the rare mineral
beyerite and to record the pegmatite occurrences of bismuth carbonate
minerals.

The writer is indebted to the members of the Department of Mineral-
ogy and Petrography of Harvard university for considerable advice and
assistance. Professor E. S. Larsen read much of the manuscript in thesis
form. Professor clifford Frondel guided the laboratory study of beyerite
and Professor C. S. Hurlbut, Jr., completed a critical reading of this
manuscript. The writer also wishes to thank Dr. John c. Rabbitt of the
U. S. Geological Survey for the spectrographic analyses, Mr. F. A.
Gonyer of the Department of Mineralogy and petrography, Harvard
University, for his careful and patient work in the beyerite analyses,
particularly in the lead determinations, and Dr. c. wroe wolfe of Boston
university for assistance in several details of laboratory procedure. The
cost of the analyses was met by the Department of Mineralogy and
Petrography.

* contribution frorh the Department of Mineralogy and petrography, Harvard uni-
versity, No. 289.
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Brsuurn CansoNarB MrNBnars rN PBGuarrrns

Bismuth carbonates, chiefly as bismutite, appear to be widespread
supergene accessory minerals in pegmatites. Frondel (1943, pp. 529 and
532) Iists pegmatite localities in New Mexico (Petaca District), North
Carolina (Cashiers Valley District), Colorado (Salida region), Connec-
ticut (Hales Quarry, Portland), California (Pala), and Arizona (peg-
matite ?). Jahns (1946A, pp.67-68 and 19468); who has described the
occurrence of bismutite in the pegmatites of the Petaca district, New
Mexico, reports that it has been found in 48 deposits there and in a
number of pegmatites in the nearby Ojo Caliente district. A detailed
description of the mineralogy of the Petaca deposits is in progress
(Heinrich and Jahns, 1947). Bismutite also occurs as a common accessory
mineral in the Harding pegmatite, Taos County, New Mexico, where it
forms as an alteration of native bismuth.l According to Jahns,2
" . . . both bismutite and native bislnuth occur in several pegmatites in
the general Sangre de Cristo area. Rather impressive quantities fill frac-
tures in parts of the Rociada lepidolite occurrence . . . ." A brief note on
these occurrences has been published (Jahns, I946C).

Some pegmatites contain both bright yellow and bright green bismu-
tite. Spectrographic analyses show that the green varieties contain a
higher percentage of copper as an impurity:

/s CuO in bright /s CttO in bright
yellow bismutite green bismutite

Harding pegmatite, N. M.
Devils Hole pegmatite, CoIo.

.0s%
0.2%

>l .oYa
0 .s%

Table 1 summarizes the occurrences of bismuth carbonate minerals in
Colorado pegmatites. In all of these deposils the carbonates are clearly
secondary minerals formed by the alteration of native bismuth, bismuth
sulfide, or a bismuth-bearing sulfosalt. Although details regarding the
conditions of fotmation of the original bismuth minerals are generally
absent, the mineral association and manner of occurrence of the altera-
tion products (generally as fracture fillings) serve to indicate that the
original materials were late hydrothermal pegmatite minerals.

PnBvrous Wonr oN BEYERTTE

The name, beyerite, was applied by Frondel (1943, p. 532) to a new
species of bismuth carbonate, " . . . first found as pulverulent earthy

1 Checked by r-ray powder photographs, by tlre writer.
2 Jahns, Richard H., private communication, 1947.
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BEYERITE FROM COLORADO

masses and drusy crystals on specimens from Schneeberg, Saxony and
Iater . . . recognized in massive earthy form on a specimen from Pala,

San Diego Co., California." Powder r-ray photographs established the
material as a valid species, distinct from bismutite and other secondary
bismuth minerals. The mineral was suggested to be a carbonate of bis-

Frc. 1. Index map showing location of beyerite-bearing
pegmatites in south-central Colorado.

muth and calcium but a chemical analysis could not be made because of
insufficient material. As noted by Frondel (p. 533), an unnamed mineral
from Schneeberg described in 1899 by Arzuni and Thadd6efi was prob-
ably beyerite, and another described by Bodenbender (1899) from
Sierra de Santa Luis, near La Toma in Argentina may also have been that
species. The latter material was obtained from a pegmatite dike, 6 to 10
centimeters wide, that contains qrartz, feldspar, muscovite, and colum-
bite. The bismuth carbonate occurs as yellow coatings and aggregates.
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664 E. WM, HEINRICH

Frc. 2. Open cut in core-margin replacement unit, Meyers Ranch pegmatite, Park
County, Colorado; m-fuacture-controlled muscol'ite, o-albite, q-massive qtartz ol
core. D-location of largest bismutite-beyerite mass.

The analysis by Bodenbender is as follows: BizOa 80.770, CO, 8.Uo,
IJIO 1.9%o (variable), CaO 6.7/6, MnO 0.8/6, FeO 0.3/o, CezOt 0.547o.

Coroneuo OccunnBNcBS ol BEyERTTE

Generol

As shown in Table 1, beyerite was found in three deposits: the School
Section and Mica Lode pegmatites of the Eight Mile Park area in Fre-
mont County and the Meyers Ranch pegmatite in Park County. The
location of these pegmatite bodies is shown in Fig. 1. In all three beyerite
is a very rare mineral and occurs intimately associated with bismutite,
with which it formed contemporaneously.
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Meyers Ranch pegmatite

The Meyers Ranch pegmatite is in Park County on the west side of

Colorado highway 9, northwest of Guffey (Heinrich and Hanley, 1943,

and Hanley , 1946). The body is lens-shaped with inward-dipping foot-

wall contacts. A core of white to pink qu.artz and blocky microcline is

enclosed in a wall zone of medium-grained quartz and microcline. Along

the contact between the two zones there has been formed a replacement

unit that consists of albite, muscovite, beryl, columbite, and black tour-

maline. Much of the muscovite in this unit occurs as fracture fillings and

tabular fracture-controlled replacement bodies (Fig. 2). Several masses

of bismuth carbonates were found in the massive quartz along the con-

tact with the replacement unit. The largest, a wedge-shaped, highly

fractured mass about 8 inches long, contained about five pounds of the

minerals (Fig. 2).
This material, which consists of very intimately intergrown beyerite

and bismutite, is gray, buff yellow, and brown in color and has an earthy

to locally waxy texture. The beyerite and bismutite cannot be distin-
guished megascopically; indeed the presence of the former was not sus-

pected until the characteristic lines were found in *-ray powder photo-

graphs.
X-ray powder photographs of seven different samples indicate that

most of the material consists of about 90-9570 bismutite and 5-10/6

beyerite. One of the samples, which photographs showed to be at least

95/6 beyerite, was selected for analysis (Table 4).
No vestiges of the original bismuth mineral were found' The original

material appears to have formed as a late hydrothermal mineral, selec-

tively replacing fractured qttartz along the margin of the massive quartz

core.

Eight Mile Park area

The geology of this area and its pegmatite bodies has been described

by the writer (Heinrich, 1947). Bismutite was found in four of the de-

posits (Table 1) and beyerite in two of the largest pegmatites, the School

Section and the Mica Lode (Fig. 3).
At the School Section quarry one- to two-inch nodules of gray bis-

mutite occur with albite, muscovite, and black tourmaline in a replace-

ment unit around a core pod of. quartz and blocky microcline. Associated

with the bismuth carbonate are secondary chalcocite and its alteration

product, malachite. Rare, minute blebs of a white metallic mineral scat-

tered throughout the chalcocite were found to be native silver by means

of an r-ray powder photograph. X-ray powder patterns also indicate
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that the bismutite contains intergrown beyerite in minor quantities. A
separation of the two minerals was not feasible.

In the Mica Lode pegmatite bismutite and beyerite are somewhat more
abundant. They occur together in 2-inch pods, within aggregates of large
blades of wedge muscovite. Some of'the nodules are pure bismutite, some
contain both bismutite and beyerite intimately intergrown, and some are
pure beyerite. Those containing only beyerite are generally waxy in

Frc. 3. Open cut in the Mica Lode pegmatite, Eight
Mile Park, Fremont County, Colorado.

texture and greenish-gray in color, whereas the bismutite and bismutite-
beyerite nodules are gray in color and characteristically earthy in tex-
ture. An analysis of beyerite from this pegmatite is given id Table 3.

The carbonates and associated muscovite aggregates occur as part of
a pegmatite unit of albite-oligoclase, muscovite, beryl, and triplite which
has been formed by replacement of the footwall half of alarge microcline-
rich core. Locally associated with the bismuth minerals is malachite-
stained chalcocite, which also occurs elsewhere in the unit in six-foot
masses intergrown with spessartite garnet. Traces of native bismuth
occur in chalcocite.

Mntpnelocy oF BEvERITE

The properties of Colorado beyerite as determined by the writer are in
close agreement with those listed by Frondel (1943, pp. 532-533) for the
type,material from Schneeberg. The following is a composite, general-
ized description of the mineral:

Bright yellow in crystals, white, gray-green, and gray in massive forml
white streak; waxy to vitreous luster; G:6.08-6.56; no cleavage ob-
servedl effervesces in dilute HCI; uniaxial negative or rarely anomalously
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biax ia l  wi th a very smal l  2Y;  o: :2.11-2. I5,  e:1.94-  1 '99;  p leochrorsm

absent ;  ao:3.78,  co:2t .77 ,  and astcn:1:5.759;  te t ragonal  centrosym-

metrical (Da6); primitive space lattice type.
Before chemical analyses were begun spectrograms were made by Dr.

John C. Rabbitt in order to determine the major constituents:

Tlstn 2. Snntr-QueNrrrarrvr Specrnocnepsrc Axar,vsns ol Brynmlr

Mica Lode Meyers Ranch

667

BeO
Bi2Or
CrrOt
CosOs
CUO
Hgo
Mn02
MoOa
Nio
Pbo
SnO
CaO

.03%
major constituent

0.6%

0.r7o

2%

>s%

major constituent

.0r%

.02%

1.5-2.0To

>5To

Tesrn 3

BiO'
CaO
Pbo
CuO
MnO
COz
Insol.

73  .65
8 . 8 5
1 . 7 3
I  . 1 0
0 . r 2

1 3 . 5 9
0 . 7 9

75.29
9.05
1 . 7 7

13.89 .316

.t62

l3;) '*

99.83 100.00

1. Analysis of beyerite from Mica Lode pegmatite, Eight Mile Park, colorado, by

F. A. Gonyer.
2. Analysis recalculated to 100/s for Bi2O3, CaO, PbO, and CO2.

3. Weight percentages divided by molecular weights.

4. Oxide ratios.

The spectrogram of the Meyers Ranch material also showed strong lines
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pure beyerite; bismutite lines were absent. Microscopic examination
disclosed the presence of a small amount of quartz, less than 116. This
sample was then analyzed (Table 3).

A two-gram sample from the Meyers Ranch deposit was prepared in a
similar manner. Microscopic examination showed that less than l/6 of
quartz was present, but that bismutite was present in a somewhat
larger quantity. The two minerals could not be separated by hand picking
or the usual gravimetric methods. An r-ray powder photograph of the
sample did not reveal bismutite lines; probably the percentage of bis-
mutite present as an impurity was of the order of. 5/6. The analysis of
this sample is given in Table 4.

The formula of beyerite is therefore:

CaO' BizOr. 2CO2 or (Ca, Pb)Bi2(CO)2O2.

Lead appears to substitute to a very limited extent for calcium. Lead was
also detected spectrographically in the Pala, California, beyerite (Fron-
del, 1943, p. 533). With the use of the cell dimensions and gravity meas-
ured on the Schneeberg crystals the number of molecules in the unit cell
can be calculated:

VGN
n : -

M

(s.7 8)' (2r.7 7) (10) -'4(6.s6) (.606) (10)%
n :

610.08

1234.89-:z'oz molecules Per unit cell'

Differential thermal analyses of bismutite (Petaca, N. M.) and beyer-
ite (Mica Lode, Colo.) have been made by Dr. Carl W. Beck (1946, pp.
ll2, 114) who reports the following characteristics: for bismutite the
curve consists of two merging endothermic curves. Decomposition begins
at 4000 C., reaches a peak at 5300 C. and merges with the second curve
which reaches a peak at 6250 C., shoulders at 6500 C. and returns to zero
deflection at 6950. At 7300 C. occurs the inversion of the decomposition
product, p-Bi2O3, to an undetermined polymorph.

The curve for beyerite is considerably different: A large endothermic
break begins at 485" C., reaches a peak at 570" C., returns to zero de-
flection at 6250 C. (loss of COr). The second deflection, which represents
the inversion of F-BizOs, begins at 6600 C., attains its peak at 675" C.
and returns at 7000 C.
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Tasrn 4

669

BizOs
CaO
Pbo
CuO
FezOr
COz
Hzo
fnsol.

7 6 . 6 r
.  7 . 4 4

t . 2 5
0 . 2 5
0 . 8 4

11.70
0 . 9 6
0 . 8 4

78 .98
l  - o l

1 . 2 9

12 .06

.169
.  r J /  [  .  . .

^ ^ , / . I + J.uuoj

. 274

99.89 100.00

1. Analysis of beyerite with minor admixed bismutite, from Meyers Ranch pegmatite,
Park County, Colorado, by F. A. Gonyer.

2. Analysis recaiculated to 100/s for Bi2Os, CaO, pbO, and CO2.
3. Weight percentages divided by molecular weights,
4. Oxide ratios.
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