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MINERALOGICAL NOTES

BISMUTHIAN BINDHEIMITE, MAMMOTH MINE, EUREKA, UTAH1

J. MoNrova,2 Mineralogisl, U. S. Bureou oJ M'ines,
Salt Lahe City, Utah 81100.

Alstnlcr

A variety of bindheimite (hydrous antimonate of lead) containing 6.8 percent BizOa

ancl 0.8 percent AgzO was identified in an oxide zone of the Mammoth Mine, Eureka, Utah.

The chemical analysis of bismuthian bindheimite shows a low antimony content, pre-

sumably due to the substitution of bismuth for antimony in the lattice structure. Opticalll',

the minerai grains are heterogeneous, showing a range in index of refraction, color, and

clarity. X-ray difiraction shows the presence of a single mineral phase rvith a pyrochlore-

t)pe structure.

INrnooucrroN

A bismuth-bearing variety of bindheimite was identif ied in a large

sample of lead-silver-bearing ore from the Mammoth Mine, in the souLh

end of the Tintic Mining District near Eureka, Utah (Lindgren, 1919).

The sample consists mainly of a porous and vugg.v q\artz rock. Tiny

crystals of barite, q'Jartz, calcite, and dolomite occur in the vugs. Limon-

ite, hematite, wad, and small quantit ies of cerussite, bismuthian bind-

heimite, plumbo argentojarosite, minium, plumboferrite, and malachite

coat the cavities and the rock itself. Minute amounts of the sulfide

minerals, sphalerite, pyrite, and chalcopyrite also occur sporadically.

Sauprp Pmp.q.x.lrtoN

The material for chemical, optical, and X-ray difiraction analyses was concentrated

from a minus 65 plus 325 mesh representative sample of the ore by heavy liquid separation

using tetrabromoethane sp. gr. 2.95. The sink fraction was further separated into various

mineral components using a Franz Isodynamic Separator. Bismuthian bindheimite con-

centrated in a product obtained between 1.0 and 1 25 amperes. Admixed limonite was re-

moved prior to analysis by treatment with hydrochloric acid.

Cunlncll Pnoponrms

The chemical composition of bindheimite is variable. Mason and

Vitaliano (1953) suggest that a complete range in composition is possible.

Argentian, cuprian, and calcian varieties exist. The chemical analyses of
most bindheimites previously described by Mason and Vitaliano and by
Dana (1951) show more antimony pentoxide than that contained in the
bismuthian variety. The low antimony content presumably is due to the
substitution of bismuth in the positions normally occupied by antimonl'.
The chemical analysis of bismuthian bindheimite is compared in Table 1

I Publication authorized by U. S. Bureau of Mines.
2 Present address: The Anaconda Company, Salt Lake City, LTtah 84116.
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with an analysis of bindheimite, Lovelock, Nevada, taken from Mason

and Vitaliano (1953).

Opucar Pnoppnrtps

The optical properties of bismulhian bindheimite were determined us-
ing a petrographic microscope and immersion oils. The mineral grains

are heterogeneous and vary both in index of refraction and in color.
Roughly half of the grains are clear, pale yellow, and range |rom I'72 to

1.7 4 in ref ractive index. Most of the remaining material is deep yellow in
color, earthy, and has a refractive index which varies from 1.74 to 1.79.

Occasional deep yellow-brown, cloudy grains with a somewhat higher

Tasln 1. Cntutcal Aner,lsrs ol BrsuurnraN Brxonnrune

Cou.plnrl wrnr Bruonnrurrr, Lovrlocr, Nrveoe
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Bismuthian Bindheimite
Eureka, Utah

Bindheimite
Lovelock, Nevada
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' The insoluble material consists of locked barite and quartz.

refractive index were noted. The variation of the refractive indices, color,

and clarity is probably due to the variability of the composition of the
various bindheimite grains. All three types contain similar quantities of

bismuth and silver. Chemical analysis shows, however, that high index,
deep yellow-brown grains contain considerably more iron oxide.

X-Rav DrllnacrroN DArA

Pale yellow, dark yellow, and deep yellow-brown grains of bismuthian
bindheimite were isolated and analyzed by X-ray diffraction. All three
types gave similar patterns, showing a relatively pure mineral with the
typical bindheimite pyrochlore-type structure, and a few weak peaks due
to quartz and barite impurit ies. The pale and deep yellow grains are
well-crystall ized, whereas the X-ray peaks obtained from the deep
yellow-brown grains are weak and diffuse showing a lesser degree of

crystall inity. The data obtained from the tracings which were made on a
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General Electric XRD-S are essentially identical with X-ra_v data for
bindheimite compiled by Mason and Vitaliano (1953).
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MEASUREMENT OF THE DISTORTION INDEX (DELTA) OF CORDIERITE

HusBnr P. Zncr,
Petrologi,cal Inst,itute of Copenhagen University, Qstervold.gad.e 5, 1350

Klbenhann K, Denmark.

Arsrnacr

Identification and use of Ko, reflections in the X-ray diffraction pattern permit more
rel iable determinat ie n of  rhe dis lor t ion.

Miyashiro and his affi l iates first discovered that cordierite, (Mg, Fe,
Mn)rAloSirOls, occurs in different structural states (Miyashiro & Iiyama,
1954; Miyashiro, I iyama, Yamasaki & Miyashiro, 1955; Miyashiro,
1957). This phenomenon probably reflects long-range order-disorder
re lat ions of  Al -Si  and Mg-AI  (Miyashi ro,  1957,  p.45;Schreyer  & Yoder,
Yoder,  1964,  p.  311;  Gibbs,  1966,  p.  1072).  The d isorder  arrangement
would be realized in hexagonal high cordierite (called indialite by the
earlier Japanese authors), whereas an increase in ordering would result
in an orthorhombic crystal structure. The ordering is thought to be a
continuous process, its degree, and thus the degree of distortion from the
hexagonal structure being tied to a certain maximum. The degree of
ordering in a certain cordierite would be mainly dependent on P-T con-
ditions during and subsequent to its growth (Schreyer, 1966). The varia-
tion in structure can be demonstrated in X-ray diffraction diagrams,
preferably between 20:290 and 20:30o, Cu Ko. The hexagonal high
cordierite shows one peak in this region, 1231 (Iiyama, 1956); whereas
in orthorhombic forms it is split up into as many as 3 peaks,511 (A),
421 (B) and 131 (D) (Ii1'ama, 1956). Empiricall l ' ,  Miyashiro (1957)
found that an appropriate measure lor ordering in cordierite is given

20o r '  *  20 , " '
b . v  t he  d i s to r t i on  i ndex :  L :20131  CuK"1 - rad ia t i on .




