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Preface

Mineralogy is as old as humankind. From antiquity, people have known and
highly valued minerals, with a fascination for their utility and beauty. The
names of many of the 3700 minerals we know today derive from the ancient
past.

However, a systematic approach, or a science of mineralogy, dates only
from the late eighteenth and early half of the nineteenth century, when Lin-
naeus, better known for usurping Adam’s role in naming the plants and ani-
mals, also showed an interest in classifying the minerals. His natural history
collection contained some 2500 mineral specimens, and even today, individual
minerals (as distinct from rocks) are referred to as species.

The period 1830-1859 saw a huge expansion of both popular and profes-
sional interest in natural history and great advances in the systematic classi-
fication of the many diverse parts of our environment. The first edition of
Dana’s A System of Mineralogy appeared in 1837, before On the Origin of
Species (Darwin, 1859), a time of flux in understanding both the physical
and biological history of the earth. Similarly, this eighth edition is presented
against a background of changing ideas of the nature, properties, relation-
ships, genesis, and uses of mineral species. It appears at a time when miner-
alogy has close affiliation with solid-state physics, materials science, and
inorganic chemistry, biology, and other more wide ranging fields of science
and technology.

Richard V. Gaines

H. Catherine W. Skinner
Eugene E. Foord

Brian Mason

Abraham Rosenzweig



H istorical Perspective

Publication of Dana’s New Mineralogy, the eighth Edition of Dana’s System of
Mineralogy, culminates a long series of books begun by James Dwight Dana
when he wrote the first edition of A System of Mineralogy in 1837. Sparked by
the chemical discoveries of Lavoisier and Berzelius and the crystallographic
findings of Hauy, mineralogical investigators had begun to systematize the
science. James D. Dana, newly appointed assistant in the chemistry labora-
tory at Yale University, completed his System at the age of 24 in 10 months.
He used the Linnean principles for the classification, following and modifying
those published by Friedrich Mohs. His description of individual species is
basically that of Mohs’ Treatise on Mineralogy, the English translation (1825)
of Mohs’ German-language book published two years earlier. The first edition
of Dana’s book was privately published, but the second edition (1844) and all
but one other have been published by John Wiley. The System was the first
book Wiley (then known as Wiley & Putnam) published in the sciences.
Dana’s mineral descriptions were considerably condensed, and he added to
the localities listed for each mineral those in the United States where such
were known.

The original system contained 352 minerals which can be identified with
species we know today, although actual names of about 50% of them are from
slightly to entirely different now; for example, gray antimony is now called
stibnite, spathic iron is now known as siderite, and blue vitriol is now called
chalcanthite.

The general chemistry of individual species was discussed, but no chemical
formulas were presented, even though Berzelius had proposed a system of
chemical notation in 1814 that introduced one- and two-letter abbreviations
for the Latin names of the elements (K, Na, Fe, etc.) By the third edition of
the System (1850), Dana adopted the Berzelian system of writing formulas,
but today’s reader would find them difficult to understand since the notation
today was not codified until about 1880. Mineral formula presentation prob-
ably aided the systematization.

The early recognition of mineral species was entirely dependent on a knowl-
edge of physical properties such as crystal morphology, color, luster, hardness,
cleavage, streak, and specific gravity, plus simple chemical tests and blowpipe
analysis. Today, the physical properties are still important, but definitive
identification requires analyses developed and refined in this century such
as x-ray and electron diffraction, optical and electron microscopy, and spec
trographic and microprobe examination. The number of minerals we recognize



Historical Perspective X

as of the writing of this book has increased by a factor of 10 since 1837 and
grows by about 50 new species per year. In contrast to former times, only a
few milligrams of the substance is needed for complete characterization.

Dana continued to revise A System of Mineralogy and produced other
books, many of which continue today, such as the Manual of Mineralogy
(first edition 1848; twenty-first edition 1993), Manual of Geology, Manual of
Mineralogy and Petrography, Minerals and How to Study Them, and other
titles. Edward Salisbury Dana, the son of J.D. Dana, prepared Dana’s Text-
book of Mineralogy (first edition 1877; fourth edition 1932), as well as the sixth
edition of A System of Mineralogy in 1892. In that edition, all of the interfacial
angles from the crystal elements were recalculated, the Miller-Bravais sym-
bols were introduced, mineral varieties were critically evaluated, and syn-
onymy was improved and extended. The work became an international
classic for over 50 years, due to the meticulous care with which it was
prepared, the wonderful freedom from errors, the extraordinary detail
through the author’s personal knowledge of the mineralogical literature,
and the inclusive scope of the work.

The desirability of having a successor to the sixth edition of the System
became evident as early as 1915. Efforts to produce a seventh edition began in
1927 and by 1941, a partial manuscript for the first volume was nearly com-
plete. However, World War Il interrupted publication, so that the first
volume of the seventh edition of the System of Mineralogy (elements, sulfides,
sulfosalts, and oxides) by Charles Palache, Harry Berman, and Cliford
Frondel, did not appear until 1944,

By then so many new minerals had been added and old ones discredited,
and the methodology of mineral identification had become so much more
rigorous, with new structural data leading to more scientific classification of
mineral groups, that the need for completing the new edition was sorely felt.
Work on volume 2 (halogenides and all oxysalts except the silicates) started in
1942, was interrupted by World War 11, and was completed in 1951. Harry
Berman (1902-1944) had been killed in a plane crash while on war work and
Charles Palache (1869-1954) had retired, so the work was essentially com-
pleted by Clifford Frondel (1907-). Volume 3 (silica minerals) was completed
by Frondel in 1962. The level of detail and complexity required by the format
of the seventh edition of System was too daunting to attract volunteers to do
the silicates, and thus the last volume, the systematic description of the most
common silicate minerals, was never undertaken.

The present eighth edition, with five co-authors and a considerably less
detailed format than the 7th Edition of the System, has been many years in
preparation. During the years since it was started, the number of minerals to
be covered has about doubled.
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Introduction
Criteria for Inclusion and

D efinition ofa M ineral

Just as the first edition of Dana’s A System of Mineralogy, this eighth edition
also attempts to describe, catalog, and classify all known and recognized
minerals reported in the literature up to December 31, 1995. It presents the
results of nature’s own experiments in chemical synthesis. However, since
human beings are now a major factor in our global environment, some anthro-
pogenic minerals are included, along with some data from synthetic equiva-
lents of minerals.

CRITERIA FOR INCLUSION

The criteria for including a mineral in this book require not only that the
mineral be discovered and be recognized, but also that the discovery be
reported in the generally accessible literature. For minerals discovered after
1959, recognized means that the name of the species is approved by the Com-
mission on New Minerals and Mineral Names (CNMMN) of the Interna-
tional Mineralogical Association. For minerals reported before 1959,
recognized means generally accepted by professionals today as unique, valid
species.

The International Mineralogical Association, founded in 1958 to further
international cooperation in the mineralogical sciences, currently consists of
representatives from 33 countries, and sponsors some 14 commissions, one of
which is the Commission on New Minerals and Mineral Names (CNMMN).
Proposals for a new mineral should include (1) the name and its significance;
(2) geographic and geologic occurrence, source or generation of the mineral,
and associated minerals, particularly those in apparent equilibrium with the
proposed new mineral; (3) composition and method of analysis; (4) chemical
formula, empirical and simplified; (5) crystallographic data, including single-
crystal and powder diffraction results, the morphology, and crystal structure
determination; (6) general appearance and physical properties; (7) the optical
properties; (8) locality of the type material; and (9) relationship to other
species. Acceptance as a new species requires a vote of at least 50% of the



international members and an affirmative response of at least two-thirds of
those voting. Once accepted, the information must be published in an appro-
priate journal within two years or the CNMMN would be willing to accept a
proposal from anyone else. The name proposed for the mineral is voted on
separately: it must not be too similar to any existing name, must be a single
word, and must follow usage guidelines if it is derived from the chemical
composition, physical properties, or if it is named for a country or individual.
The CNMMN reviews 50 to 90 proposals a year, adding about 50 new mineral
species each year.

DEFINITION OF A MINERAL

The definition of a mineral as used in this work is a pragmatic, functional one.
“A mineral is an element or chemical compound that is normally crystalline
and that has been formed as a result of geological processes” E. H. Nickel, CM
33:689(1995). A more formal and precise definition of what is or is not a
mineral has been and continues to be debated.

The term crystalline in this context means that the material possesses
atomic ordering on a scale that can produce an indexable diffraction pattern
when the material is examined with x-rays, electrons, neutrons, or other radia-
tion of suitable wavelength. There are, however, some naturally occurring
materials that have traditionally been included among minerals even though
they are noncrystalline. These include (1) a few amorphous substances that
have never been crystalline to the extent of producing diffraction patterns
(e.g., opal), (2) metamict materials that were crystalline at one time but
whose crystallinity has been disrupted by ionizing radiation, (e.g., zircon)
and (3) certain naturally occurring liquids (H20, as ice but not as water,
and liquid mercury are both considered minerals). Petroleum and its noncrys-
talline bituminous forms are not regarded as minerals. The term geological
processes in this context is expanded to include extraterrestrial substances
(meterorites, moon rocks, etc.) apparently produced by processes similar to
those on Earth. Secondly, deliberately synthesized materials, if substantially
identical to naturally occurring minerals, may be called synthetic equivalents.
Chemical compounds formed by the action of geological processes on anthro-
pogenic substances have, on occasion, been accepted as minerals. Examples
include the laurium minerals formed by the action of seawater on ancient
metallurgical slags. However, many exotic materials are produced today
with the possibility that such substances in a geological environment may
have reaction products which could qualify as new minerals. Current policy
of the CNMMN holds that such substances are not considered minerals.

Thirdly, strictly biogenic substances, inorganic chemical compounds pro-
duced entirely in the biological sphere such as the calcium phosphates (apa-
tite) of bones and teeth, the carbonate species typical of mollusc shells, the
iron compounds found in bacteria, and oxalate crystals in plant tissues, are all



discussed in this volume as minerals because they also form under strictly
geological conditions.

Apart from the named mineral species there is a rapidly growing category of
potential minerals, those compounds found in minute quantities along with, or
within, known minerals. The quantity is often too small to establish all the
requisite characteristics to qualify as a new species, or perhaps the investiga-
tor will not deem it worthy of following the procedure to obtain a species
name. At present there are about 700 of such compounds, or roughly 16%
of naturally occurring mineral substances. Some are mentioned in the miner-
alogic literature, e.g., annual summary of compounds and new minerals in the
Canadian Minerologist, but most are to be found in Chemical Abstracts.

The potential number of naturally occurring compounds that might be
named as minerals is extremely large (see Skinner and Skinner MR
11:333(1980)) so continuity of the present rate of 50 to 60 new mineral species
per annum seems assured.



Descriptions of Mineral
Species:

Form atof Presentation

1. DANA Classification Number

The first entry for each mineral species is a number containing four parts
separated by periods. It represents a hierarchical system parallel to that of
Linneaus but based on a combination of chemistry and crystal structure of
the minerals. These numbers facilitate insertion and addition of a new spe-
cies into a list emphasizing close chemical and structural affiliations, an
advantage since each mineral is known by a different, and not necessarily
related, name.

The hierarchical numbering system was developed for the seventh edition
but covered only nonsilicates. That portion has been updated by James Fer
raiolo (A Systematic Classification of Nonsilicate Minerals, Bull. Am. Mus. of
Nat. Hist., Vol. 172, 1982, and Supplements) and is generally followed in this
edition. The many and often very complex silicate minerals are here classified
for the first time according to a structural-chemical system developed by
authors Abraham Rosenzweig and Eugene Foord. The work of H. Strunz
(Mineralogische Tabellen, 1970, Classe der Silikate, pp.359-493) was incorpo
rated with modification. The silicates are covered in classes 51 to 78.

The first consideration in generating the numbers was division into classes
based on composition or, in the case of silicates, on dominant structural ele-
ments. The table of contents lists and numbers each of these classes. Species
containing more than one anion or anion group may be assigned to a separate
class or may be assigned according to dominant chemical entity. The first
number indicating class is followed by a number for type, which in some
cases specifies the atomic (cation to anion, or to anion group) ratio for the
mineral. This and the remaining numbers assigned to each species relate to
structural similarity considerations. Mineral species with similar structures
within their class and type are listed together.



2. Name

The currently accepted name of the mineral is given next, complete with all
appropriate diacritical marks, and is followed by the chemical formula. The
derivation of the name, if known, opens the body of the description.

3. Chemical Formula

All of the chemical formulas we present approach an ideal composition, that is,
the formula includes the elements that are essential or usually found in the
natural occurences of the mineral and describe the proper atomic ratios among
the constituent elements and moieties. We generally follow the presentation of
M. Fleischer and J. A. Mandarino, Glossary of Mineral Species, seventh edi-
tion (The Mineralogical Record, Tucson, Arizona, 1995), which accurately
describes the stoichiometry but does not necessarily incorporate structural
characteristics even though they may be known. An appropriate formula
that would uniquely describe a mineral species both chemically and structu-
rally is currently under debate in the mineralogical community
[AC(A)46:1(1990)]. In some mineral presentations important relationships
are indicated by the way in which the formulas are written.

3A. Isostructural Substitution

Isostructural substitution* is shown by the use of commas to separate two or
more elements within parentheses. Such a presentation implies that the ele-
ments are similar enough in their structural behavior that they may occupy
the same site in the crystal structure of the species. This is a common option
for elements with similar charge, ionic size, and bonding character; that is, for
example, more than one element can occupy a site with octahedral coordina-
tion (C. Klein and C. Hurlbut, John Wiley & Sons, Inc., New York 1985, p.136).
The individual elements (with or without parentheses), define an end-member
species. A multiple element presentation (within parentheses) suggests that
the structure is not grossly altered by the substitution of one element by the
other.

When there is a continuum between end member compositions, substitu-
tion may be complete defining a mineral series, but often there is only partial
substitution.

3B. Vacancies

Vacancies or voids at certain sites in the structure are indicated in the che-
mical formula by the symbol O. It is a useful and appropriate way to express
the substitution of ions with different charges; for example, 3Mn2+ <>2Fe3+

* Isostructural substition is also known as “isomorphous” substitution. We have avoided the term
“isomorphic” as it may refer to materials of the same crystal structure, or of the same morphology
(habit), or both, according to context. We have also used the term “isostructural” in preference to
the synonymous term “isotypic”.



O allows the interchange of divalent and trivalent cations while preserving
both the equivalence of overall charge balance and the number and disposition
of sites occupied in the structures.

4. Name Derivation

The body of the presentation begins with details on the name, such as the date
of the initial description, sometimes the author to whom the name is attribu-
table, and the source of the name, whether it be based on composition, phy-
sical properties, geographic discovery site, or person honored. When the name
is derived from the initial occurrence (the type locality), that locality will be
shown in italics in the subsequent section on localities. For names deriving
from languages other than English, the foreign language term or, at least its
meaning, is given.

At the urging of the CNMMN, an effort is being made to reduce the pro-
liferation of species names by appending chemical or crystallographic criteria
to a root name. For example, the Levinson Rule, introduced in 1966, for
mineral containing rare earth isostructurals with other rare earth species
appends the R.E.E. cation to a root name, the root name being the name of
the first member of the series discovered: for example, tritomite-(Ce) and
tritomite-(Y) are end members [Ce+Y] in the tritomite series [AM
51:152(1966)]. Chemical prefixes are also employed. However, the chemical
prefix does not always mean that the two species have the same crystal struc
ture: for example, sklodowskite and cuprosklodowskite.

5. Groups, Dimorphsand Polymorphs, Synonyms and
Varieties, and Polytypes

The relationship between the species being described and other species follows
the derivation of the name. Here, other members of an isostructural series,
polymorphs, or closely related species are mentioned, with cross-references to
the appropriate Dana number. When recognized, membership in a group is
noted. Occasionally, the phrase “an inadequately characterized species” may
occur when the species is accepted, but the data are either incomplete or seem
internally contradictory.

5A. Groups

The term group refers to an aggregate or multiple (usually three or more)
species that have identical or closely similar structure and chemistry. A
group may be named when there are several end members of isostructural
series (e.g., the calcite group; see 14.1.1.1) or when several species have che-
mical identity and are structurally related through the multiplicity of one or
more lattice parameters. The term subgroup is used when many species exhibit



the same basic structural and chemical components but there are discrete
ranges for some of the chemical constituents (see the pyroxene group and
subgroups).

5B. Dimorphs and Polymorphs

Some chemical compositions have more than one three-dimensional structural
configuration. Dimorphs are two, and polymorphs are three or more, species
with the same chemical composition but distinct crystalline structures. Each
species is given a different name and number. For example, calcite CaCO3
(14.1.1.1) has a polymorph aragonite (14.1.3.1), while vaterite (14.1.2.1) has
yet another configuration.

5C. Synonyms and Varieties

Many minerals show variations in color or morphology usually due to trace
amounts of certain elements. Especially when the mineral species is common,
such as quartz (75.1.3.1), many varieties (jasper, onyx) are known. These
names are varieties but in another sense are synonyms as the basic chemistry
and structure are identical to those of quartz.

5D. Polytypes

Materials whose basic structural components are layers often exhibit different
layer superposition or different periodicity. These variations give rise to dis-
tinct but related structures called polytypes rather than dimorphs or poly-
morphs. The micas (71.2.2.X) are sheet silicates which offer examples of
stacking sequences, and different polytypes are named by appending an
appropriate shorthand notation denoting the structural consideration.

6. Crystallography

The term crystal as used in this volume implies a solid with long-range inter-
nal order detectable by diffraction techniques, whether or not the material
exhibits external faces, but its unqualified use here generally implies at least a
partial development of faces. The text context serves to make any necessary
distinctions. A very few materials are included her that lack this long-range
order (e.g., opal). Lattice constants are generally derived by X-ray diffraction
studies carried out on small single crystals, but may sometimes be derived
from powder diffraction of fine grained samples.

Any crystalline substance is characterised by a distinct chemical composi-
tion whose components are arranged in a distinctive three-dimensional array
or structure. In the majority of minerals species, the composition is not fixed
but varies within defineable limits because of substitution of ions (atoms) of
similar size and coordination number. This combination of composition and
structure constitutes the distinction among mineral species.



The explanation of terms in the following paragraphs are intentionally
brief; their meaning and use are well developed in numerous texts, a few of
which are given below; abbreviations used in the subsequent text precede each
entry.

(AB) Azaroff, L. V., & M. J. Buerger (1958), The Powder Method, McGraw
Hill, New York.

(B) Bunn, C. W. (1961), Chemical Crystallography, 2nd ed., Oxford Claren-
don Press.

(GL) Glusker, J. P., & M. Lewis (1994), Crystal Structure Analysis for Che
mists and Biologists, VCH, New York.

(GT) Glusker, J. P., & K. N. Trueblood (1985), Crystal Structure Analysis: A
Primer, Oxford University Press.

(ITXC) International Tables for X-ray Crystallography, v. 1, Kynoch Press,
Birmingham, 1969.

(KC) Klein, C., & C. S. Hurlbut, Jr. (1993), Manual of Mineralogy, 21st ed.,
John Wiley & Sons, New York.

(DT) Dana, E. S., and W. E. Ford (1932), A Textbook of Mineralogy, 4th
ed., John Wiley & Sons, New York.

(D7) Palache, Berman & Frondel (1944), The System of Mineralogy, 7th ed.,
v.l, John Wiley & Sons, New York.

(P) Phillips, F. C., (1971), An Introduction to Crystallography, 4th ed., John
Wiley & Sons, New York.

6A. Crystallographic Principles

1) Crystal Systems (KH, Ch. 2; P, pp. 34-51)

Crystal systems as used here are based on the symmetry of the internal struc-
ture rather than on the traditional equality/non-equality of axial ratios and
interaxial angles. It follows that coincidental dimensional equality of two axes
of an orthogonal set does not require that the third axis have 4-fold symmetry,
but rather that the existence of a 4-fold axis requires that the remaining two
axes be orthogonal and dimensionally equal.

Some confusion arises when the unique symmetry is of order three (3) or six
(6). The former is a subset of the latter, and it follows that such crystals may
be divided into a trigonal system and a hexagonal system, or they may be
combined into a single system (hexagonal) with subdivisions. In this work, the
only distinction made within the composite hexagonal systems for which
rhombohedral symmetry exists.

2) Crystal Classes, Point Group Symmetry, and Symmetry Notations (KH,
Ch. 2; P. pp. 338-340)

The symmetry elements defining a system may combine with additional sym-
metry elements to yield thirty-two combinations known as crystal classes or
crystallographic point groups, those combinations constrained by the require-
ment of spacial repetition to symmetries of order 1, 2, 3, 4, or 6. Point groups



with other than the above rotational symmetries may apply to such subjects
as molecular symmetry, spectroscopic data, etc.

The Hermann-Mauguin notation is generally used in presentation of crys-
tallographic data, and consists of a combination of numerals (1, 2, 3, 4, 6)
denoting the order of rotational symmetry and “barred” numerals
(1, 2, 3, 4,6) denoting the order of rotary-inversion symmetry. The 2 axis is
equivalent to reflection normal to that axis, and is usually replaced by the
symbol m. A slash denotes perpendicularity of a rotational element and a
reflection.

The Schoenflies notation is commonly used by spectroscopists and for most
representation of non-crystallographic symmetry.

4) Miller Indices and Zone Symbols (KH, Ch. 2)

The Miller indices of a crystallographic plane or face represents the coordi-
nates of the plane-normal in reciprocal space. (N.B. For a face or form
“indices” is often replaced by “index” without a change in meaning. The
four-term Miller-Bravais indices, (hkil), are used relative to hexagonal crys-
tals. The third term, however, is a function of the first two such that
i=-(h +k))

Zone symbols, enclosed in square brackets, [uvw], are the coordinates of a
line in direct space with respect to the crystallographic axes.

5) Crystal Forms (KH, Ch. 2)

A crystal form is a set of faces generated from a given face by the symmetry
elements present. The Miller indices of a face are enclosed in parentheses, i.e.,
(123), those of a form in braces, i.e., {123}.

The form {hkl} where h, k and lare positive or negative, unequal integers is
the general form whose individual faces are acted upon by all symmetry ele-
ments present; it has the maximum possible number of faces for a form in the
given point group and is distinctive for it. A face for which h, k, and lare no
longer unequal or have a value of zero, may shift to a position perpendicular to
a symmetry element, and that symmetry element no longer duplicates the
face. The resultant special form will have the same number or fewer faces
than the general form. The most commonly encountered forms are those
with relatively simple Miller indices (corresponding to planes with a high
density of lattice nodes); consequently, the correct assignment of crystal
class can not always be deduced from the crystal morphology.

6) Space Groups (ITXC, v. 1: P. pp. 241-301)

In the internal crystal structure the rotation and reflection elements of the
point group may combine with translational components yielding centered
cells, screw axes and glides. These translational components are generate the
230 possible space groups.



7) Choice of Settings (ITXD, v,l, pp. 542-553)

In the mineralogical and crystallographic literature there are followed a num-
ber of different conventions, often conflicting, that dictate the assignment of
unit cell edges to the axes, a, b, and ¢. Space groups may be set in a “standard”
orientation but alternative settings are possible. The reasons for choosing an
alternate setting are varied, but usually depend on the organization of data or
the comparison of related structures.

8) Twinning and Epitaxy (KH, pp. 100-105; P, pp. 171-193)

Twinning is the crystallographically rational, non-parallel intergrowth of two
or more individual crystals of the same species.

Epitactic relationships are those in which the structure of two species have
certain features in common such that the substrate or primary phase acts as a
template or nucleation site for the overgrowth or secondary phase.

6B. Order of Presentation of Crystallographic Data

1) Crystal System - Denoted by the abbreviations: «ri = triclinic; mon = mono
clinic; orth = orthorhombic; tet = tetragonal; nex = hexagonal including
trigonal; nex-r = hexagonal with a rhombohedral lattice; iso = isometric.

2) Space Group and Point Group - The next entry is the space group or the
possible space groups, and generally corresponds to the space group for the
referenced structure determination, but may have been reset to emphasize
correspondence with related species. The Hermann-Mauguin point group is
nowhere stated per se, but an abbreviated H-M notation may be derived from
the space group by dropping the lattice type symbol, deleting all subscripts
from screw axis symbols, and replacing all glide symbols by an m. Thus, Pnma
becomes mmm.

3) Lattice Constants - The unit cell edges, if known, are given in Angstrom
units, followed by the interaxial angles in decimal degrees, either as fixed
value or ranges.

4) Cell Contents and Calculated Density - The cell contents, Z is the
number of formula units per unit cell as defined by the lattice constants.
The calculated density in gms/cm3, D, is obtained by the equation D =
(ZM)/(NV), where M is the formula weight, N is Avogadro’s number, and
V is the cell volume in cm3. This numerical value should be close to that of
the measured Specific Gravity, G, reported as a physical property of the
species.

5) Powder Diffraction Pattern - (AZ) Next is the X-ray powder diffraction
pattern consisting of the eight strongest lines, unindexed, arranged in decreas-
ing order of spacing, and subscripted by the relative intensity from 10 down to
1. The pattern is preceded by the ICDD number in italics (International Cen-
ter for Diffraction Data Mineral Powder Diffraction File), or the letters PD if the



data was taken directly from the literature. Where appropriate, several dif-
fraction patterns may be given. It should be kept in mind that relative inten-
sity and even the lines included in the strongest eight may vary due to
compositional variation within the species and sample preparation artifacts.

6) Structure - (GL, GT) A literature reference to a structure determination
may appear next, and may be followed by a statement of the salient features
of the structure. For important or larger mineral groups, this information will
appear in the group description.

If a crystal structure drawing is present, the following criteria apply to
them: (a) Radii - Atomic radii are nominally one-half the standard ionic
radii. For labeling and other reasons, however, it is necessary in many cases
to modify these radii. The minimum radius shown is 0.45 A, meaning that
many smaller cations are not shown at true relative size. Anion radii may also
be modified downward. Corners of polyhedra, almost always occupied by
oxygen atoms, are shown at 0.2 A, as are unlabeled hydrogen atoms.

(b) Projection and Extent of Structure - The structures are in perspective
except where noted, and the perspective distance is usually about 50 A,
although it may be less for simple structures or more for complex ones. Typi-
cally, the projection is down the shortest crystal axis, although this is by no
means a rule. The drawing may show only a portion of the unit cell;
constraints of space do not always allow showing the true cell repeats or
symmetry.

(c) Crystal Axes - Crystal axes are shown at one-half the true relative
length end to end, except where noted. Labels on the axes have a white back-
ground, and when axes point toward the observer the labels are drawn over
the ends of the axes and vice versa. The axes are shown in true perspective for
their position as shown. Thus they do not show the exact orientation of the
center of the structure.

(d) Atom Labels - In most cases all atoms and polyhedra are labeled, but in
complex structures this may not be true. The label refers to the predominant
species in a site. Hydrogen atoms are not labeled, but may be identified by
their 0.2 A radius, that is otherwise used only for oxygen at polyhedra corners.
Due to space constraints, “C” is used for the carbonate group and “W” for
water. The “W?” label is also used for tungsten but appears only in the anhy-
drous species scheelite and huebnerite.

7) Habit and Twinning - There follows a statement of the dominant mor-
phological habit of the species expressed as the Miller indices of the forms
present. Where morphological description differ from the structural setting,
this fact is noted and a transformation matrix may be given. Furthermore, a
verbal description of the gross features of the morphology (acicular, tabular,
etc.) and/or a statement of the texture of crystalline aggregates. These terms
are generally self-explanatory but may be found in any standard dictionary or
DT, pp. 204-206. Included here is a statement of any observed twinning includ-
ing the twin law and its frequency of occurrence.



7. Physical Properties

7A. Morphology and Habit

A brief description of the distinct morphology exhibited by euhedral crystals of
aspecies follows. This includes the following information: When planar faces are
observed, they are described relative to the crystal symmetry by the Miller
indices. In a crystal drawing, faces are identified by letters, and possibly other
symbols, that are identified in the legend to the figure in terms of Miller indices.
General shapes of minerals and mineral aggregates are also described.

7B. Twinning

Twinning is the crystallographically rational intergrowth of two or more indi-
vidual crystals of the same species. The intergrowth generally occurs along a
layer or zone of atoms that are common to the two orientations at the bound-
ary of the individuals, but in many cases this site has not been elucidated and
only the morphological relationships of the individuals may be described.

Twinning commonly involves a 180° rotation about a zone axis or face-
normal having no even-order symmetry, or a reflection across a plane that
is not a mirror plane of the individual crystals. If the individual crystals are
centrosymmetric, the morphological appearance of the twin displays both the
rotation and reflection aspects of the twinning process. The twins may be
contact or penetration twins, and may be designated as twins, trillings,
four-lings, and so on, in accordance with the number of individuals observed.

Polysynthetic twinning is repeated, usually small-scale twinning that
results in parallel slabs in alternating orientation. The usual boundary
between the individuals is called the composition plane. It often but not always
coincides with the twin plane. An irregular composition surface between indi-
viduals is common in penetration twins.

The description of twinning may appear in a group description when it
applies to all members of a mineral group, or it may be stated as part of the
habit description of an individual species. The Miller(-Bravais) index of the
twin plane or the zone symbol of the twin axis is stated, as is the frequency of
that type of twin. If the twinning relationship has been assigned a specific
name, that is stated as the twin law.

7C. Color

Color, an important but variable mineral property, may be due to a variety of
factors, including not only the presence of intrinsically colored constituents
but also small amounts of foreign substances as well as physical but nonche-
mical factors such as crystal lattice defects. Consequently, many minerals are
found in a wide variety of colors. Unlike soils, there is no widely accepted
system for describing the color of minerals in standardized terms. Gemstones,
especially diamonds, are of course an exception and are evaluated by color as
well as other criteria, although there is no universially accepted system for
describing the colors of colored gemstones.



7D. Streak

Particularly with opaque and nearly opaque minerals, color is difficult to
distinguish. Producing a streak by, for example, rubbing a sample across an
abrasive porcelain or glass surface may allow characteristic colors of the pow-
dered material to be recognized.

7E. Luster

The luster of minerals depends on the appearance of its surfaces in reflected
light. It is a complex property that depends on a mineral’s reflectivity; index
of refraction; and the propensity to cleave, giving flat or rough surfaces; and
its response to polarized light. Luster is described by terms such as those listed
in Table 1.

Table 1l Luster

Luster Description Examples

Metallic The luster of metals, applies only to Gold, copper, tin
opaque materials

Sub-Metallic imperfectly metallic Columbite, wolframite

Adamantine The luster of diamond, other materials Diamond

of high index of refraction, and
usually of high density; Index of
refraction approximately 1.9 to 2.5.

Vitreous Like broken glass; Index of refraction Quartz
approximately 1.3 to 1.8.

Sub-Vitreous Imperfectly vitreous

Resinous Like amber Opal, some yellow

varieties of sphalerite

Greasy The luster of oily glass, nearly as Nepheline
lustrous as ‘resinous’

Pearly Like a pearl, or like the luster of a Talc, brucite
stack of glass plates.

Silky Like silk, used only with fibrous Sillimanite
minerals

The degree or intensity of luster may be described by such terms as
splendent, shining, glistening, or glimmering. Dull is used to describe a mineral
totally lacking in luster.

7F. Cleavage and Parting

Cleavage is the planar fracture along a crystallographically rational plane that
is structurally controlled. It represents a plane of weaker (but not necessarily
weak) bonding within the crystal structure, and consequently can occur
everywhere and anywhere within the mineral sample.



If present, cleavage is stated in terms of the indices of the form to which
it is parallel, with a modifying adjective denoting the ease of propagation
and/or the perfection of the cleavage surface. The self-explanatory terms
are in approximate diminishing order of perfection: perfect or excellent,
good, fair, poor. Other self-explanatory terms used are: easy, difficult, inter-
rupted.

Parting is the development of planar fractures that tend to be widely spaced
relative to cleavage and which do not occur everywhere within a specimen.
Parting may be related to structural features in some degree but develops as a
result of nonuniform forces such as external stress, twin boundaries, oriented
mechanical inclusions, and so on, and is thus not characteristic of all samples of
the species.

7G. Fracture

Fracture is the way in which crystalline substances break when not conforming
to cleavage or parting. Some fracture patterns are distinctive. Chonchoidal
fracture, typical of quartz, gives a fracture similar to the interior of a seashell.
Fracture may also be described as hackly, jagged, fibrous, uneven, or irregu-
lar. Fibrous materials show distinctive elongate fracture.

7H. Tenacity

Tenacity depends on the nature of the chemical bonding in a mineral species
and is described by terms such as those in Table 2.

Table 2 Tenacity

Tenacity Description Examples

Malleable Can be flattened with a hammer blow Gold, silver
without breaking or crumbling into
fragments. A property only of

metals.

Ductile Can be changed in shape by pressure, Gold, silver, copper
especially when it can be drawn out
into a wire.

Sectile Can be cut with a knife like cold wax, Chlorargylite, chalcocite

so that shavings may be turned, yet
the mineral may break with a sharp

blow.

Flexible Bends easily, and stays bent after the Talc
pressure is removed.

Elastic M ay be bent or pulled out of shape, Mica

but returns to its original form when
the pressure is removed

Brittle Separates into fragments with a sharp Characteristic of most
blow, or when cut by a knife minerals



Descriptions of Mineral Species XXiX

71. Hardness

Hardness can be related to Mohs scale, or measured quantitatively with Vick-
ers hardness tester. Mohs scale assigns numbers to reference minerals, which
correspond to simple tests (Table 3).

Table 3 Mohs’Scale of Hardness

Hardness Reference Mineral Description and Feel
1 Talc Soft, greasy feel like talc and graphite, and flakes
of the mineral will be left on the fingers
2 Gypsum Scratched easily with the fingernail, as gypsum
3 Calcite Just scratched by a copper coin, but not
normally scratched by the fingernail
4 Fluorite Scratched by a knife without difficulty
5 Apatite Scratched with a knife, but with difficulty
6 Orthoclase Not scratched with a knife, but is scratched by a
file, and will scratch ordinary glass
7 Quartz Scratches glass easily, but is scratched by topaz
and a few other minerals
8 Topaz Hard
9 Corundum Harder
10 Diamond The hardest known mineral

Hardness is an easily measured and valuable property of appropriately sized
samples. Microscopic samples require the Vickers hardness tester, which is
more quantitative. Results are presented as VHNN, where n represents the
amount of loading of the device used to test the sample.

7J. Density/Specific Gravity (KC, p203)

The density D (grams/cm3) may be calculated from the lattice parameters as
follows:

where Z is the number of formula units in the unit cell, M the formula weight
of the compound, N is Avogadro’s number, and V the volume of the unit cell.
It is presented with the lattice parameter information.

It may be compared with the measured specific gravity, G (weight of a
substance relative to the weight of an equal volume of water at 4°C) which
serves to confirm the number of formula units, or composition, of the unit cell.
A variety of techniques have been developed to measure the specific gravity,
depending on the size of the sample and its chemical composition (C. Klein
and C. S. Hurlbut, John Wiley & Sons, New York 1985, p. 203).



7K. Infrared, Raman, and Mossbauer Spectroscopic Data, and
Differential Thermal Analysis

Spectroscopic and differential thermal analysis data are indicated when
reported in the literature and referenced.

7L. Fluorescence/Phosphorescence

Materials may luminesce on direct exposure to different wavelengths of ultra-
violet light, x-rays or cathode rays, emitting light of a different and distinctive
wavelength. This fluorescence is the result of the excitation of specific elec-
trons, often from transition metal elements included in the mineral. If the
luminescence persists after illumination of the sample ceases, the sample is
said to be phosphorescent (see WARE and ROBB). Some minerals also react to
heat by giving off visible light and are notably thermoluminescent. Fluorite,
ideally CaF2, is the classic fluorescent species. There are some famous mineral
localities, such as Franklin, New Jersey, where many of the mineral species are
fluorescent when exposed to UV light.

7M. Optical Properties

The optical properties presented in this work are those that can usually be
determined by use of the petrographic microscope appropriately equipped for
transmitted or reflected light observations, and by use of appropriate immer-
sion media. The reader is referred to the cited references or to similar texts for
additional information regarding any of the reported phenomena and the
theory and practice of their determination.

7M(1) Opaque Minerals
Opaque materials are those that do not transmit visible spectrum light or do
so only in the very thinnest of fragments. Details of the methods and princi-
pals involved may be found in Craig, J. R., and D. J. Vaughn, Ore Microscopy
and Ore Petrography, John Wiley & Sons, New York, 1994, and extensive
descriptions for various species may be found in Uytenbogaardt, W., and E.
A. J. Burke, Tables for Microscopic Identification of Ore Minerals, 2nd ed.,
Elsevier-North Holland, New York, 1971.

The word “opaque” may also be used in the description of other species; in
such cases the reference is to diaphaneity in a bulk sample.

7M(2) Non-opaque Minerals
The optical properties of transparent crystalline substances can be described
in terms of the basic equations of electromagnetism as may be found in numer-
ous text such as Slater, J. C., and H. H. Frank, Electromagnetism, McGraw-
Hill, New York, 1947.

The optical properties of mineral species as well as other light-transmitting
substances differ with direction in the crystal as a function of the symmetry of
the internal structure. Detailed discussions of these optical properties can be



found in any college-level text on the subject of optical crystallography (e.g.
Nesse, W. D., Introduction to Optical Mineralogy, 2nd ed., Oxford University
Press, New York, 1991; Hartshorn, N. H., and A. Stuart, Crystals and the
Polarizing Microscope, 3rd ed., Edward Arnold Publishers, London, 1960; and
Wahlstrom, E. E., Optical Crystallography, 3rd ed., John Wiley & Sons, New
York, 1960 listed above).

The optical properties of concern may be described by reference to a geo-
metrical construct known as the indicatrix, generally a triaxial ellipsoid in
which any axis (line passing through the origin) of the indicatrix is propor-
tional in length to the refractive index of light vibrating in that particular
direction. A section passing through the origin of the ellipsoid is an ellipse
whose axial lengths correspond to the refractive indices of the two polarized
rays propagated normal to the section.

A triaxial ellipsoid indicatrix has two sections that are circular; the normals
to these are the two optic axes, and hence the material is said to be biaxial. If
the indicatrix is an ellipsoid of revolution, there is but one circular section the
normal to which is the optic axis, and the material is uniaxial. If the indicatrix
is a sphere, all sections are circular and geometrically equivalent, and the
material is isotropic.

Orthorhombic, monoclinic, or triclinic crystals are biaxial; tetragonal and
hexagonal crystals are uniaxial; isometric crystals and amorphous substances
are istropic. The constraints regarding orientation of optical vibration direc-
tions relative to crystallographic axes will be found in any text on optical
mineralogy or optical crystallography.

Optical properties are very sensitive to mechanical stress, and the strain
produced may result in observed optical character of lower symmetry than is
expected for the crystal’s ideal symmetry. Such situations result in an anom-
alous double refraction manifested as a weak (very low) birefringence.

Table 4. Alternative Notation for Refractive Indices
na or nx or nl
% or ny or n,

ny or or

ne O ne

H, OF no

ni

7M3. Order of Data Entry

a) For opaque species: Optical character, isotropic or anisotropic, and reflec-
tivity data for various wavelengths are given.

b) For non-opaque species: The initial property reported is the optical char-
acter and sign (Biaxial+, Biaxial-, Uniaxial+, Uniaxial-, or Isotropic). In
situations where either wavelength dispersion or compositional variation leads
to a change in the sign, the sign may be given as (+, -). This is particularly
true for biaxial species with an optic axial angle close to 90 degrees.



The order of entry for remaining optical properties may vary slightly from
entry to entry, but the following are included where relevant and known:

1) For biaxial species the axial angle, 2V. When the optic axial angle measured
over a particular indicatrix axis varies to either side of 90°, 2V may be sub-
scripted with an X or Z to indicate which axes is being referred to, as for
example: Biax (+, -) 2V2= 82-94°,

2) The refractive indices either as fixed values or ranges. The indices are to
be assumed as being for white light, unless a reference is made to a specific
wavelength. Dispersion follows in the format r> v or r < v in accordance
with whether the indices are greater for red or violet light, but the notation
may also refer to dispersion of the optic axis or orientation of the indica-
trix.

3) For biaxial species a statement of the indicatrix orientation is given. The
correspondence between X, Y and Z with crystallographic axes a, b, and c for
orthorhombic crystals; for monoclinic crystals, an identification of the vibra-
tion direction, X, Y, or Z coinciding with the b crystallographic axis, and a
statement of the angle (extinction angle) between at least one other vibration
direction and some crystallographic axis or other observable property such as
cleavage (i.e., Y —b, Z A c = 11°); for triclinic crystals the orientation, when
known, of the indicatrix relative to the crystallographic axes is given in the
form of one or more extinction angles.

4) Pleochroism/dichroism are stated if that phenomenon is recognizable. The
format varies, but will consist of a statement of the color or color range
associated with each vibration direction, i.e. X = colorless, Y = yellow, Z
4= pink, or as a statement of optical density, i.e., X<Y<Z. Color and optical
density may be combined in the statement.

Variations in any of these properties, particularly those that are composi-
tion dependent will be found in the accompanying discussion. Other special
optical properties such as pronounced changes in indicatrix orientation, and
optical activity will also be found here. Optical activity, the rotation of the
polarization plane of light passing through the crystal, is a phenomenon asso-
ciated with crystals that lack both a center of symmetry and reflection sym-
metry. There are few minerals for which this rotation is large enough to be
observed even in relatively thick sections.

8. Composition and Phase Relationships

Observations concerning the range in composition or substitutions of ions or
elements in the formula given are discussed where appropriate, as are any
unusual aspects of the composition. Full chemical analyses of the species are
generally not provided. Phase relationships relative to other species, and sta-
bility fields of the species in question, with or without phase diagrams, are also
given here.



9. Occurrence

The overwhelming majority of mineral species we know come from the crust of
the earth. A relatively few species have been found uniquely in meteorites, and
two are found only in lunar samples. With the exception of a very low content
of H20, lunar rocks so far examined are very similar to some rock types known
on earth.

The crust of the earth consists of igneous, metamorphic, and sedimentary
rocks, plus in some regions vast amounts of ice, which in the form of glaciers
and ice caps may be considered a monomineralic rock. Nearly 99% of the
composition of these rocks consists of only nine chemical elements: oxygen,
silicon, aluminum, iron, calcium, sodium, potassium, magnesium, and tita-
nium. Another 0.8% includes chlorine, carbon, phosphorus, sulfur, manga-
nese, and hydrogen. The remaining elements altogether constitute less than
0.3% of the crust. These rarer elements are scattered through the rocks in
accessory minerals, as substitutions in more common minerals, or as localized
concentrations. The latter account for the ore deposits of many of the less
common elements.

The bulk mineral composition of the crust consists mostly of common
minerals: quartz, feldspars, micas, amphiboles, pyroxenes, olivines, garnets,
clays, calcite, dolomite, apatites, rutile, hematite, magnetite, pyrite, and
others. Such minerals constitute at least 98% of the crust but probably less
than 200 of the approximately 3600 recognized species. The remainder of
species are found in rather special circumstances, where conditions favoring
the formation of minerals containing the rarer elements, or rare combinations
of the common elements, obtain. These special circumstances include princi-
pally the geologic bodies listed in Table 5.

Table 5 - Geologic Bodies

1. Granite pegmatites, including their oxidized and/or hydrothermally altered
phases

Syenitic pegmatites

M assive sulfide deposits

Oxidized sulfide deposits

Contact metamorphic deposits

Carbonates

Evaporites

Volcanic exhalates

Special metamorphic situations, such as Franklin, NJ and Langban, Sweden
Sedimentary, having mineral concentrations

COoONO AW

N
o



10. Localities

Each mineral description in this book includes a selection of the best known
localities, and the number of localities listed is proportional to the general
importance of the mineral. For minerals of special interest to collectors, the
number of localities listed has been expanded considerably, especially for cal-
cite and quartz. Many rare minerals are known from only one place, and for
other rare minerals all known localities are listed.

The localities are usually listed in a sequence depending on geographic
location (Table 6).

Table 6 - Order of Presentation of Localities Information

1. The United States, from east to west
2. Canada

3. Mexico

4. Central America and the Caribbean

5. Greenland

6. Iceland

7. European countries, from west to east
8. Asia, including Siberia

9. China and Japan

10. India

11. South east Asia

12. Middle East

13. African Countries, from north to south
14. Oceania

15. Australia

16. Antarctica

17. South America

The localities section includes a description of the geological occurrence for
important, abundant minerals as well as for rare minerals and, where possible,
for the type locality.

The type locality, the locality where the mineral was first discovered, is
italicized. In a very few instarces there may be more than one type locality,
whenever a mineral was found and studied in more than one place before being
formally described and named. For some older minerals, mostly for those
described before 1850, the type locality is unknown.

Localities providing economically important deposits or specimens of unu-
sual quality may be indicated by an asterisk (*), and those for truly excep-
tional, museum-quality specimens by an exclamation point (!).

Abbreviations of geographic place names used in this book are given in
Table 7.



Table 7- Geographical Abbreviations

States, (as in postal usage)

Alabama
Alaska
Arizona
Arkansas
California
Colorado
Connecticut
Delaware
Florida
Georgia

Haw aii

Idaho

lllinois
Indiana

lowa

Kansas
Kentucky
Louisiana
Maine

M aryland

M assachusetts
Michigan
Minnesota

M ississippi
Missouri
Montana
Nebraska
Nevada

New Hampshire
New lJersey
New M exico
New York
North Carolina
North Dakota
Ohio
Oklahoma
Oregon
Pennsylvania
Puerto Rico
Rhode Isand
South Carolina
South Dakota
Tennessee
Texas

Utah
Vermont
Virginia

AL
AK
AZ
AR
CA
CoO
CT
DE
FL
GA
Hl
ID
IL
IN
1A
KS
KY
LA
M E
M D
MA
M I
MN
MS
MO
MT
NE
NV
N H
NJ
NM
NY
NC
ND
OH
oK
OR
PA
PR
RI
SC
SD
TN
TX
uTt
VT
VA

W ashington
West Virginia
W isconsin
Wyoming

Provinces, Canada
Alberta

British Columbia
Labrador

WA
A%

W
WY

AB
BC
NF

(part of Newfoundland Province)

M anitoba

New Brunswick
Newfoundland
Northwest Territories
Nova Scotia

Ontario

Quebec

Saskatchewan

Yukon

States, Australia
New South Wales
Northern Territory
Queensland

South Australia
Tasmania

Victoria

W estern Australia

States, Mexico
Aguascaientes

Baja California Norte
Baja California Sur
Campeche

Chiapas
Chihuahua
Coahuila

Colima

Distrito Federal
Durango
Guanajuato
Guerrero

Hidalgo

Jalisco

Mexico

Michoacan
Morelos

Nayarit

MB
NB
NF

NW T
NS
ON

QUE
SK
YT

NSW
NT

SA
TAS
VIC

WA

AGS
BCN
BCS
CAMP
CHIS
CHIH
COAH
COoL
DF
DGO
GTO
GRO
HGO
JAL
M EX
M ICH
MOR
NAY



Nuevo Leon NL Distrito Federal DF

Oaxaca OAX Espirito Santo ES
Puebla PUE Goias GO
Queretaro QRO Maranhao MA
Qunitana Roo QR Mato Grosso Norte MT
San Luis Potosi SLP M ato Grosso Sul MS
Sinaloa SIN Minas Gerais MG
Sonora SON Para PA
I:bma:l(j:)ipas Tl-\r/l'?-‘i Paraiba i
Tlaxcala TLAX Parana PR
Veracruz VER Pernambuco PE
Yucatan YUC Piaui Pi
Zacatecas ZAC Rio de Janeiro RJ

Rio Grande Norte RN
States, Brazil Rio Grande Sul RS
Acre AC Rondonia RO
Alagoas AL Roraima RR
Amapa AP Santa Catarina SC
Amazonas AM Sao Paulo SP
Bahia BA Sergipe SE
Ceara CE Tocantins TO

11. Authorship

The initials of the author primarily responsible for the mineral description are
given in small capital letters, followed by references to the description as a
whole.
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Class 1

N ative Elem ents and

Alloys

Gold Group

The members of the gold group are elements or intermetallic compounds that
share the same basic cubic close-packed structure: Fm3m.



Cubic Close-Packed Elements

Space
Mireral Formula Group a D
Gold Au Fm3m 4079 1928 |I.1.1.1
Silver Ag Fm3m 408 1050 1112
Copper Cu Fm3m 3615 89% 1113
Lead Pb Fm3m 491 1134 1114
Aluminum Al Fm3m 4049 2697 1115

Note: Taenite (1.1.11.2) and nickel (1.1.11.5) are isostructural with the gold group.

1.1.1.1 Gold Au

Known since antiquity. Gold group, iso Fm3m. a —4.079, Z= 4, D = 19.28.
4-784(syn): 2.36102.0451.4431.234 1.1810.9362 0.9122 0.8332. Physical prop
erties: octahedral and dodecahedral crystals, often in parallel groups or den-
dritic and arborescent forms; also massive, and as scales and rounded grains in
alluvium. Golden yellow color and streak, inclining to silver-white with
increasing substitution by Ag, or to orange-red with substitution by Cu;
metallic luster. No cleavage, hackly fracture, very malleable and ductile.
H=2-BVHNI= 30-58. G= 15.2-19.3. Tests: Insoluble in acids except
aqua regia. Gold is readily distinguished from other metallic minerals and
from scales of golden mica by its malleability and high G; from pyrite and
chalcopyrite since they are harder, brittle, and soluble in HN 03. Chemistry: A
complete substitution series exists between Au and Ag, and nearly all gold
contains some Ag; beyond 20 wt% Ag the mineral is commonly termed elec-
trum. Up to 20% Cu, 20% Hg, 10% Pd, and minor Bi have been recorded.
Optics: R = 63.4 (540 nm); isotropic. Occurrence: Gold is commonly found in
hydrothermal quartz veins associated with pyrite, arsenopyrite, and other
sulfide minerals, and in placers resulting from the weathering of these deposits
and subsequent concentration of gold with other heavy resistant minerals.
Gold in quartz veins is usually fine grained and tends to be irregularly
distributed in stringers, scales, and plates; large polycrystalline masses are
found occasionally. The transformation from gold in veins to gold in placers
involves abrasion and mechanical deformation, and placer gold grains tend to
be small, flattened or rounded. Placer deposits, especially the fossil placers of
the Witwatersrand in South Africa, have produced most of the world’s gold.
Localities: Gold is so widespread and so readily concentrated in placers that
almost every country has some recorded production. It is therefore possible to
list only the more important localities. In the United States, gold occurs in
small amounts in MD, VA, NC, SC, and GA,; fine specimens in quartz were
found in White Hall mines, Spotsylvania Co., and Partridge mine, Orange
Co., VA, and at Dahlonega, GA; Homestake mine, Lawrence Co., SD; Silver
Bow, Madison, and Broadwater Cos., MT; Leadville, Lake Co., Brecken-
ridge(*), Summit Co., Ground Hog mine(*), Gilman Co., Silverton and Tell
uride, San Juan Co., CO; Bingham and Tintic, Salt Lake Co., UT; Mohave
and Cochise Cos., AZ; EImore, Idaho, and Valley Cos., ID; Goldfield, Esmer-



alda Co., Tonopah, Nye Co., Carlin and Cortez, Eureka Co., Winnemucca(*),
Humboldt Co., NV; many localities in CA, especially in the Mother Lode belt
in Mariposa, Tuolumne, Calaveras, Amador, and El Dorado Cos.—excep-
tional crystallized specimens from Placerville, EI Dorado Co., Greenville,
Plumas Co., Red Ledge mine, Nevada Co., Jamestown, Tuolumne Co., Color-
ado quartz mine, Mariposa Co., Bonanza mine, Trinity Co., Michigan Bluff
district, Placer Co., in AK, placers at Fairbanks, lditarod, and Nome, and
quartz veins at Juneau. In Canada, Noranda district, PQ; Porcupine, Kirk-
land Lake, and Larder Lake deposits, ON; Atlin and Caribou, BC; and Klon-
dike district, YT. In Mexico, Altar and Magdalena, SON; Parral, CHIH; and
localities in GTO and ZAC. In Europe, minor occurrences in the Alps; major
occurrences in Transylvania, Romania, especially Rosia Montana (Verespa
tik). In Russia, gold is found on the eastern slope of the Ural Mts. for a
distance of 500 miles, from Nizhne Tagilsk in the north to Orsk in the
south; in Siberia important placer deposits near Tomsk, Yeniseisk, Lena R.,
and upper Amur R. In India the chief producer is the Kolar field in Mysore. In
Africa, Ashanti, Ghana; Kilo and Moto, Zaire; Bulawayo and Hartley, Zim
babwe; Witwatersrand, South Africa, a belt of fossil placers about 120 miles
long that has been mined to depths exceeding 2 miles. Many important gold
mining districts in Australia, including Hill End, Hillgrove, and Mt. Boppy,
NSW; Mt. Morgan and Cooktown, Q; Bendigo and Ballarat, VIC; Kalgoorlie,
Coolgardie, and Norseman, WA; Tennant Creek, NT. In New Zealand, Haur
aki Peninsula, North Island, and placer deposits in Nelson, Westland, Otago,
and Southland. Emperor mine, Vatukuola, Fiji. Mt. Kare, Papua New Gui
nea. In South America, Antioquia and Cauca, Colombia; Santa Elena, Vene
zuela; the coastal ranges of northern Chile and scattered localities in Peru,
Bolivia, and Ecuador; Morro Velho mine, Nova Lima, MG, Brazil, om DI1:90,
R:321, P&J:281, AB1:189, MR 13:323(1982).

1.1.1.2 Silver Ag

Known since antiquity. Gold group, iso Fm3m. a = 4.085, Z= 4, D = 10.50
(Silver 3C). Hexagonal polytypes 2H and 4H are known. h-783(syn): 2.3610
2.044 1.453 1-233 1.18! 0.9382 0.914! 0.834i. Physical properties: Cubic and
octahedral crystals, but commonly as reticulated, arborescent, and wiry
forms; twinning common on {111}. Silver-white, usually tarnishing to gray
to black, silver-white streak, metallic luster. No cleavage, hackly fracture,
malleable and ductile. H = 2|-3, VHNI1D0 = 61-65, G = 10.5. Tests: Soluble
in HNO3; color, malleability, and G usually diagnostic. Chemistry: A complete
solid solution series exists between Ag and Au. Mercurian (kongsbergite, up to
37 at % Hg), cuprian, arsenian (huntilite), antimonian (animikite), and bis
muthian (chilenite) varieties have been reported. Optics: R = 80.8 (540 nm);
isotropic. Occurrence: Native silver is widely distributed in small amounts,
principally in the oxidized zone of ore deposits. The larger deposits, however,
are probably the result of the deposition of silver from hydrothermal solutions
of primary origin. Deposits of this kind are of three main types: silver asso-



ciated with various silver minerals, sulfides, and zeolites in a gangue of calcite,
barite, fluorite, and quartz (Kongsberg); silver with arsenides and sulfides of
nickel and cobalt in a calcite or barite gangue (Cobalt); with uraninite and
nickel-cobalt minerals (Great Bear Lake, Jachymov). Localities: Only some of
the more important localities can be given. Prospect Park, Paterson, NJ, with
zeolites; Keweenaw Peninsula(*), MI, as fine crystallized aggregates and
“half-breeds” (crystallized together with native copper); Butte and Elkhorn
districts, MT; Georgetown(*), Crested Butte(*), Creede(*), Aspen(*), and
other localities, CO; Bunker Hill, Shoshone Co., and Poorman mine, Owyhee
Co., ID; Tombstone(*), Globe(*), Bisbee, and other localities, AZ; Calico
district, San Bernadino Co., Cerro Gordo(*), Inyo Co., Bodie district, Mono
Co., and other localities in CA. In Canada, at Cobalt(*) and Thunder Bay
district, ON, Highland Bell mine(*), Beaverdell, BC, and Great Bear Lake,
NWT. Many localities in Mexico, especially Batopilas(*), CHIH, Guana-
juato”), GTO, and localities in SON, DGO, and ZAC. Kongsberg(l), Norway
(large specimens of crystallized and wire silver); Ste.-Marie-aux-Mines,
Alsace, France; Andreasberg, Freiberg(*), and Schneeberg(*), Germany; Pri-
bram(*), Jachymov, and Schemnitz, Czech Republic; Monte Narba, Sardinia,
Italy; Smeingorsk, Semenowsky, and Altai, Siberia, Russia; Rudnui(*) and
Dhezkazgan(*), Kazakhstan; Salida and Mangani, Sumatra; Broken Hill(*)
and Cobar, NSW, Australia; Huancavelica, Peru; Potosi(*), Oruro(*), and
other localities in Bolivia; Copiapo, Huantaya(*), Chanarcillo(*), and
Chanca, Chile; Tsumeb, Namibia, bm DI:96, R:313, P&J:71, ABI.%75.

1.1.1.3 Copper Cu

Known since antiquity. Gold group, iso FmZm. a = 3.615, Z= 4, D = 8.94.
b-836(syn): 2.0910 1.815 1.282 1.092 1.04! 0.904! 0.829i O8B1. Physical proper-
ties: Cubic and dodecahedral crystals, often flattened or elongated; also arbor-
escent, platy, and as masses weighing many tons. Light rose, tarnishing to
copper-red and brown, metallic streak and luster. No cleavage, hackly frac-
ture, highly malleable and ductile. H = 2|-3, VHNIi®= 77-99. G = 8.95.
Tests: Soluble in HNO03; color malleability and G usually diagnostic. Chem-
istry: Usually remarkably pure, containing only traces of other elements.
Arsenian copper (whitneyite) is reported with more than 11% As, but most
arsenian specimens are mixtures with algodonite, so analyses are questionable.
Optics: R = 47.6; isotropic. Occurrence: Probably all native copper is of sec-
ondary origin, formed by the reduction of copper-bearing solutions by iron
minerals. Rarely an ore mineral, but large deposits of Keweenaw Peninsula,
M1, are exceptions; here copper is associated with native silver, chalcocite,
bornite, epidote, zeolites, and calcite, and is found as a cement in interstices of
sandstone and conglomerate, filling amygdaloidal openings in interbedded
lavas, and in veins traversing the country rocks. Localities: In traprocks and
associated Triassic sandstones in MA, CT, NJ, PA, and VA. In MI a narrow
belt 200 miles long in the Keweenaw Peninsula(*), which was for many years
the major copper district of the world: huge masses were found there, the



largest about 420 tons, and large groups of crystals. Santa Rita, Grant Co.,
NM; Ajo(*), Pima Co., Bisbee(*), Cochise Co., and Ray, Gila Co., AZ; Cop-
per R. district, AK. Cap d’Or, NS, Kamloops, BC, and Upper White R., YT,
Canada. Cananea, SON, and Mapimi, DGO, Mexico. Cornwall, England, in
many mines. Rheinbreitenbach and Friedrichssegen, Rheinland-Pfalz, Ger-
many. Bogoslovsk(*), Nizhne-Tagilsk, and Sverdlovsk, Ural Mts., Russia.
Broken Hill(*), NSW, Mt. Isa, Q, and Wallaroo and Burra-Burra, SA, Aus-
tralia; Aniseed Valley, near Nelson, New Zealand. Shaba, Zaire; Broken Hill
mine, Zambia; Onganja mining district, Namibia. Andacolla, near Coquimbo,
and Chuquicamata, Chile; Corocorof*), Bolivia. Alteration: Alteration of
native copper first produces a thin cuprite film over the surface, which gives
it a characteristic copper-brown color; weathering may produce malachite,
azurite, atacamite, and other secondary minerals. Copper pseudomorphs
have been observed after cuprite, aragonite, calcite, azurite, chalcocite, and
antlerite. bm DI1:99, R:308, P&J:138, AB1:108, MR 23(2):1(1992).

1.1.1.4 Lead PDb

Known since antiquity. Gold group, iso FmZm. a = 4.951, Z= 4, D = 11.34.
4-6S£(syn): 2.86i02.485 1.753 1.493 1.43x 1.14! I.11i 0.837!. Rarely as octahe-
dral, cubic, and dodecahedral crystals; commonly as rounded masses and
plates; recorded as pellets in alluvium, but probably artificial. Gray-white,
tarnishing to dull lead-gray, metallic luster. No cleavage, sectile and malle-
able. H =1+ VHNioo =5 G= 11.37. R =489 (540 nm). Franklin, NJ;
Shatter district, Presidio Co., TX; Wood R. district, ID; Keno Hill, YT,
Canada; llimaussaq, Greenland; Langbani*), Varmland, Sweden (crystallized
masses up to 60 kg); Red Cap mine, Chillagoe, Q, Australia; EI Dorado, Gran
Sabana, Venezuela, bm DI:102, R:337, P&J:301*, AB1:292.

1.1.1.5 Aluminum Al

Identified as a mineral in 1978. Gold group, iso Fm3m. a = 4.049, Z = 4,
D = 2.697. U-787{syn): 2.34i0 2.025 1.432 1.222 I'.17i 0.929i 0.906i 0.827i.
Flat platelets and scaly masses. Gray-white, metallic luster. H = 2-3.
G = 2.707. Tsepochechnyi intrusive, Siberia, and Tolbachik volcano, Kam-
chatka, Russia, bm DANS 21*3:191(1978), 313:1*33(1990); ZVMO
113:210(1981*); AM 65:205(1980).

1.1.2.1 Auricupride Cu3Au

Named in 1950 for the composition. See isoferroplatinum group. May contain
up to 8% Pd. iso Pm3m. a= 3.753, Z= 1, D = 12.2. 35-1357(syn): 3.752 2.65j
2.17i0 1.874 1.332 1.132 0.860i 0.838i. Platy aggregates and anhedral grains.
Yellow with a reddish tint, metallic luster. No cleavage, ductile and malleable.
H = 3" VHN10 —54. G = 11.5. R = 63 (580 nm). Occurs in serpentinites as a
product of low-temperature unmixing of Au-Cu alloys. Steinmauern, Baden,
Germany; Laksia and Pefkos, Cyprus; Karabash and Talnakh deposits, Ural



Mts., Russia; El Indio mine, east of Coquimbo, Chile, bm FM 28:69(1950),
AM 62:595(1977), R:334, ABI:36.

1.1.2.2 Tetraauricupride CuAu

Named in 1982 for the composition and symmetry. See the tetraferroplatinum
group, tet. PAt/mmm. a = 3.960, ¢ = 3.670, Z= 2, D = 15.03. 25-1220(syn):
3.6732.802 2.2310 1.983 1.84! 1.74! 1.35i 1.19i. Microscopic anhedral grains.
Golden yellow, metallic luster. Malleable. H = 49, VHN20 = 288. R = 61.2
(546 nm); weakly anisotropic. Sardala, Xinjiang, China, in serpentinite. bm
AM 68:1250(1983), AB1:523.

1.1.2.3 Yuanjiangite AuSn

Named in 1994 for the locality, hex P63/mmc. a = 4.316, ¢ = 5.510, Z= 2,
D =11.78. AM 80: 3.733 3.094 2.2210 2.166 1.553. Granular aggregates.
Silver-white, black streak, metallic luster. Slightly ductile. VHN2S = 172-
274. G= 11.7-11.9. R = 74-76 (540 nm); distinctly anisotropic, pale yellow
to brown. In placers, Yuanjiang R., near Yuanlin, Hunan Prov., China, bm
APM 13:232(199)\), AM 80:1330(1995).

1.1.3.1 Maidonite Au2Bi

Named in 1870 for the locality, iso. FdZm. a= 7.971, Z= 8, D = 15.70. 12-
734: 2.824 2.41i0 2.305 1.633 1.546 1.415 1.203 1.044. Octahedral crystals and
massive, granular. Silver-white, tarnishing to copper-red and black, metallic
luster. Cleavage {001}, {110}, distinct; conchoidal fracture; malleable and
sectile. H = 11-2, VHNIi® = 147-264. G = 15.46. R = 55.8 (540 nm). Ingram,
ON, Canada; Salsigne deposit, Aude, and Scoufour, Cantal, France; Baita,
Romania; Tyrnyauz district, Caucasus Mts., Russia; Syrymbet, Kazakhstan;
Maldon, VIC, Australia, bm DI:95 R:336, P&J-.254, AB1:310.

1.1.4.1 Anyuiite Au(Pb,Sb)2

Named in 1989 for the locality, tet IA/mcm. a = 7.338, ¢ k 5.658, Z —4,
D = 13.33. 25-365(syn): 2.84i9 2.4832.3252.244 1.702 1.542 1.482 1.32i. Detri-
tal grains. Silver-gray, tarnishing to dull lead-gray, metallic luster. H = 3,
VHN2 = 146. R = 63.9 (540 nm); weakly anisotropic. Bolshoi Anyui R.,
Kolyma region, Russia, in gold-bearing alluvium, bm MZ 11(J)):88(1989),
AM 76:299(1991).

1.1.5.1 Zinc Zn

Known since antiquity. See the osmium group, hex P63/mmc. a = 2.665,
c=4.947, Z= 2, D = 7.14. 4-831(syn): 2.475 2.314 2.09i0 1.693 1.343 1.332
1.172 1.122. Microscopic grains. Blue-white, metallic luster. Cleavage
{0001}, perfect; brittle. H = 2. G = 6.9-7.2. Keno Hill, YT, Canada, precipi-
tated from cold brines; Syrymbet, Kazakhstan; Dulcinea de Llampos mine,
near Copiapo, Chile, an oxidation product of sphalerite. Other reported occur-
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rences doubtful and need confirmation, bm DI:127, CM 6:692(1961), AM
55:1019(1970), ABI: 585.

1.1.5.2 Cadmium Cd

Identified as a mineral in 1979. See the osmium group, hex PG/mmc. a —2.979,
c=5.618, Z= 2, D = 8.64. 5-671*(syn): 2.817 2.583 2.3510 1.903 1.523 1.492
1.322 1.26!. Microscopic grains. Tin-white, metallic luster. Ust-Khannin intru-
sive, Vilyui R., Russia, in heavy concentrate from a gabbro. bm DANS
21*8:11*26(1979), AM 65:1065(1980), ABI:75.

1.1.6.1 Danbaite CuZn2

Named in 1983 for the locality, iso Space group unknown, a = 7.762, Z = 12,
D = 7.36. 39-1*00: 2.3652.164 2.0810 1.593 1.374 1.233 1.223 1.163. Microscopic
spherulitic aggregates. Silver-white to gray-white, metallic luster. H = 4,
VHN2 = 234-288. Danba, Sichuan Prov., China, in a Cu-Ni deposit, bm
KT 22:1383(1983), AM 69:566(1981*), ABI: 126.

1.1.6.2 Zhanghengite CuZn

Named in 1986 for Zhang Heng (78-139), a famous astronomer in ancient
China, iso Pm3m. a= 295 Z= 1, D = 8.32. 2-1231{syn): 2.964 2.0810 1.472
1.203 1.04! 0.932i 0.851i 0.788i. Microscopic grains. Golden yellow, bronze
streak, metallic luster. No cleavage. VHNi0—140-150. R = 81.1 (549 nm).
Occurs in the Boxian meteorite that fell in Boxian Co., Anhui Prov., China, on
October 20, 1977. bm AM 75:21*1*(1990).

1.1.7.1 Mercury Hg

Known since antiquity, hex-r R3m. a = 3.46, c= 6.71, Z= 3, D = 14.40. 9-
253(syn): 2.74i0 2.238 1.736 1.466 1.376 1.125 0.9376 0.8656. Liquid globules,
solid below -40°. Tin-white, metallic luster. G = 13.6. Volatile, fumes highly
toxic. Occurs in cinnabar or associated with it in mercury deposits. Terlingua,
TX; New Almaden, Santa Clara Co., and in mercury deposits in Sonoma,
Napa, and Lake Cos., CA; Almaden, Spain; Landsberg, near Obermoschel,
Germany; Idrija, Slovenia; Mt. Avala, near Belgrade, Serbia, bm DI:103,
R:337, ABI:323.

1.1.8.1 Moschallandsbergite Ag2Hg3

Named in 1938 for the locality, iso ImSm. a = 10.04, Z = 10, D = 13.41.11-67:
2.674 2.36i0 1.974 1.674 1.454 1.377 1.285 1.246. Dodecahedral crystals com-
monly modified by the cube and trapezohedron, also massive, granular. Silver-
white, metallic luster. Cleavage {Oil}, {001}, distinct; conchoidal fracture;
somewhat brittle. H = 3\, VHNi® = 153. G = 13.5-13.7. Sala mine, Vast-
manland, Sweden; Landsbergi*) (Moschallandsberg), near Obermoschel, Pfalz,
Germany; Chalanches mine, Allemont, Isere, France, bm DI:103, R:337,
P&J:275, AB1:31*L



1.1.8.2 Schachnerite Ag”~tHgog

Named in 1972 for Doris Schachner (1904-1989), German mineralogist, hex
P63/mmc. a= 2978, c=4.842, Z=2, D = 13.4. 27-618(syn): 2.583 2.425
2.2710 1494 1.275 0.9545 0.9374 0.8606. Crystals to 1 cm. Cream-white, metal-
lic luster. H = 3|, VHNI1 = 148. G = 12-15. R = 72 (589 nm); very weakly
anisotropic. Sala mine, Vastmanland, Sweden; Landsberg, near Obermoschel,
Pfalz, Germany, bom NJMA 117:1(1972), AM 58:347(1973), R:338, AB 1:463.

1.1.8.3 Paraschachnerite Ag3Hg2

Named in 1972 for its relationship to schachnerite. orth Cmcm. a —2.961,
6=513, ¢=4.83, Z=2, D = 12.98. 27-617: 2.563 2.406 2.2710 1.763 1.484
1.365 1.266 0.8314. Small pseudohexagonal crystals. Gray, metallic luster.
H=14, VHNID=87. R=70.9-73.7 (589 nm); weakly anisotropic. Sala
mine, Vastmanland, Sweden; Landsberg, near Obermoschel, Germany; Kremi-
kovci, Bulgaria, bom NJMA 117:1(1972), AM 58:347(1973), R:338, AB1:288.

1.1.8.4 Luanheite Ag3Hg

Named in 1984 for the locality, hex Space group unknown, a = 6.61, ¢ = 10.98,
Z=6, D= 1257. 41-1417: 2.837 2.455 2.006 1.745 1.5010 1.20? 1.137 1.116.
Microscopic grains and spherical aggregates. White, tarnishing to black,
black streak, metallic luster. Malleable. H = 2g, VHN = 44-75. G = 125.
R = 64-71 (540 nm). Luan He R., Hebei Prov., China, in a gold placer, bm
AM 73:192(1988), AB1:303.

1.1.8.5 Eugenite Ag44Hg2

Named in 1986 for Eugen F. Stumpfl (b.1931), Austrian mineralogist, iso
143m. a= 16.02, Z= 4, D = 10.45. AM 80: 2.3710 2.108 1.467 1.247 1.196
1.035 0.9508 0.9258. Grains up to 4 mm. White. VHN15= 96. G = 10.75.
R = 80.1 (546 nm); isotropic. Bisbee, AZ; Lubin mine, Poland, in Zechstein
Cu deposit, bom AM 80:845(1995).

1.1.8.6 Weishanite (Au,Ag)3Hg2

Named in 1984, derivation not given, hex P63/mmc. a = 2.927, ¢ = 4.818,
Z =2, D = 18.17. 4-808{syn): 2.52s 2.405 2.2310 1.746 1.467 1.358 1.248 1.227.
Microscopic aggregates. Pale yellow, metallic luster. Ductile and malleable.
H =2\, VHN = 51. R = 76.3 (534 nm); weakly anisotropic. Poshan mining
district, Tongbai, Henan Prov., China, in an Au-Ag deposit, bm AM
73:196(1988), AB1:571.

1.1.9.1 Kolymite Cu7Hg6

Named in 1980 for the locality. Dimorphous with belendorffite.. iso /43m.
a= 9418, Z= 4, D = 13.11. 33-470: 2.9832.5242.2210 2.093 2.013 1.522 1.392
1.283. Microscopic cubo-octahedral crystals. Tin-white, tarnishing to brown-
black, metallic luster. Brittle. H = 4, VHN2 = 220-267. G= 13.0. R = 72.1
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(540 nm). Comstock Lode, NV; Krokhalin antimony deposit, Kolyma R.,
Russia, bm ZVMO 109:206(1980), AM 66:218(1981), ABI:270, EM
1:719(1989).

1.1.9.2 Belendorffite Cu7HgB

Named in 1992 for Klaus Belendorff (b.1956), German mineral collector.
Dimorphous with kolymite. hex-r R3m. a= 9.408, a = 90.47°, Z= 4,
D = 13.15. 22-21*1 (syn): 6.665 3.3152.988 2.978 2.52102.2310 2.2210 2.015. Glo-
bule. Silver-white, tarnishing to brown-black, silver-white streak, metallic
luster. VHN2S = 125. G = 132. R=71.9 (540 nm); weakly anisotropic.
Landsberg, near Obermoschel, Pfalz, Germany, bom NJMM 21(1992), AM
77:1305(1992).

1.1.10.1 Leadamalgam Pb2Hg

Named in 1981 for the composition, tet li/mmm. a= 3.545, c= 4.525,
Z = 0.667 (sic), D = 11.98. 39-395: 2.78! 2.494 2.254 1.784 1.684 1.4910
1.4010. Microscopic grains.  Silver-white, metallic luster. H= 1|,
VHN10 = 12. Shiaonanshan, Inner Mongolia, China, in heavy concentrates
from a Cu-Ni sulfide deposit, om AM 70:215(1985), AB1:293.

Iron-Nickel Group

The iron-nickel group consists of six nonisostructural species that reflect the
various proportions of

(Fe,Ni)

that are stable at various temperatures. Fe and Ni form a complete series
of solid solutions at high temperatures, but at lower temperatures the
relationships are more complex. The names kamacite and taenite, correspond-
ing to a-Fe and y-Fe, were originally introduced to describe meteoritic
forms of Fe-Ni. Both are perfectly good mineral names and are preferred to
the terms iron and nickel iron used by some authorities.

On cooling through 900°, pure Fe inverts from the face-centered structure
to the body-centered structure. The inversion temperature decreases with
increasing Ni content. In the slowly cooled meteorites, the nickel-iron
exsolves kamacite along the octahedral planes, giving rise to Widmanstatten
structure typical of most iron meteorites. At about 500° kamacite containing
7.5% nickel is in equilibrium with taenite containing about 30% Ni. GCA
52:617(1988).



Iron-N ickel Group

Space

Mineral Formula Group a c D

Kamacite <x-(Fe,Ni) Imzm 2.859 7.90 11111
Taenite y-(Fe,Ni) FmSm 3.596 8.14 11112
Tetrataenite FeNi Pi/mmm 2533 3582 8.275 1.1.11.3
Awaruite Ni3Fe FmSm 3.560 8.32 1.1.11.4
Nickel N i Fm3m 3.524 8.91 1.1.11.5
Wairauite FeCo ImZm 2.86 8.32 l1.11.6

1.1.11.1 Kamacite a-(Fe,Ni)

Named in 1861 from the Greek for bar. Iron-iiickel group. Contains up to
7.5% Ni. iso ImZm. a=2.859, Z= 2, D = 7.90. 18-6"5: 3.03! 2.951 2.0310
1.976 1.48i 1.443 1.177 1.02!. Terrestrial kamacite occurs as disseminated
grains or rounded masses; meteoritic kamacite as exsolved lamellae or in hex-
ahedrites (5-7% Ni) as single crystals weighing many kilograms. Steel-gray,
metallic luster. Cleavage {001}, hackly fracture. H = 4, VHN100 = 110-155.
G = 7.84-7.92. R = 45 (546 nm). Magnetic. Easily soluble in dilute HC1. Ter-
restrial kamacite is rare; most occurrences are in basalts in which the iron has
been reduced by the assimilation of carbonaceous material. The most impor-
tant occurrence is on Disko Is., Greenland, where masses of up to 20 tons are
present in basalts that have broken through coal seams. Other significant
localities include Buhl, Kassel, Germany, and Putorana plateau, Taimyr
Penin., Russia. Kamacite is a major component of most iron meteorites and
is a minor mineral in most chondrites. It occurs as microscopic grains in some
lunar rocks, bm DI:11U, R:353, P&J:161, AB1:256.

1.1.11.2 Taenite /-(Fe,Ni)

Named in 1861 from the Greek for band. Iron-nickel group. Contains 25-50%
Ni. iso FmSm. a = 3.596, Z = 4, D = 8.14. 23.297(syn): 2.0810 1.808 1.275 1.08g
1.0450.9003. Small grains and exsolved lamellae; also massive. Silver-white to
steel-gray, metallic luster. Malleable. H = 5-5|, VHNI0 = 350-500.
G = 8.01-8.08. Magnetic. Slowly soluble in dilute HC1. Occurs in iron meteor-
ites containing more than 7% Ni and is a major component of Ni-rich atax-
ites. An accessory mineral in many chondrites and in some lunar rocks, bm
D1:117, R:353, AB 1:510.

1.1.11.3 Tetrataenite FeNi

Named in 1980 for the tetragonal ordered form of taenite. Iron-nickel group.
Contains 48-57% Ni. tet PA/mmm. a = 2.533, ¢= 3.582, Z= 1, D —8.275.
Microscopic grains, and rims on taenite. Cream-white, metallic luster. H = 3

VHNZ = 170-200. Weakly anisotropic. An accessory mineral in many
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meteorites, most abundant in mesosiderites and slowly cooled chondrites;
forms below 350°. bm AM 65:6274(1980), ABI: 527.

1.1.11.4 Awaruite Ni3Fe

Named in 1885 for the locality. Iron-nickel group. Synonyms: josephinite,
souesite, bobrovskite. iso FmSm. a = 3.560, Z= 4, D = 8.32. 38-1*19; 2.0410
1.776 1.253 1.074 1.02! 0.814! 0.792i. Rounded pebbles or grains. Silver-
white, often tarnishing to brown, metallic luster. Malleable. H = 57-6,
VHNioo = 346. G = 7.9-8.2. R = 64.2 (540 nm). Strongly magnetic. Found
in or derived from serpentinite masses; formed during the serpentinization
of nickel-bearing olivine. Josephine Co., OR; Fraser R., BC, and Muskox
intrusion, NWT, Canada; in many serpentinites in the European Alps;
Bobrovka R., Ural Mts., Russia; Lord Brassey mine, TAS, Australia; Gorge
R., near Awarua Bay, New Zealand. A rare accessory in meteorites, om D1:117,
R:356, P&J:82, ABI1:38, MM h3:61*7(1980).

1.1.11.5 Nickel Ni

Recognized as a mineral in 1967. Iron-nickel group, iso FmSm. a = 3.524,
Z=14, D =891 I*850(syn): 2.03i0 1.764 1.252 1.062 1.02i 08811 0.8084,
0.7882. Microscopic cubic grains and flakes. Silver-white, metallic luster.
H= 4|, VHN® = 172-184. G = 8.90. R = 52.8 (548 nm). Occurs in serpenti-
nized basic rocks as a result of low-temperature hydrothermal activity. Grass-
hopper Mt., Tulameen, BC, Canada; Kaltenberg, Valais, Switzerland; Bogota,
near Canala, New Caledonia; Mt. Clifford, near Agnew, WA, Australia; Jerry
R., South Westland, New Zealand, om MM 1*0:21*7(1975), R:362, EG
76:1686(1981), AB 1:31*9.

1.1.11.6 Wairauite FeCo

Named in 1964 for the locality. Iron-nickel group, iso ImSm. a = 2.86, Z = 1,
D = 8.32. 1*1*U*33: 2.02i0 1.434 1.173 1.Oli 0.9042 0.8254. Microscopic grains
showing cube and octahedron forms. Silver-white, metallic luster. H = 41,
VHN = 255. R —54 (510 nm). Formed during serpentinization of ultrabasic
rocks. Muskox intrusion, NWT, Canada; Selva, near Poschiavo, Switzerland;
Oko, near Koti, Japan; Red Hills, Wairau R., New Zealand; and in some
meteorites, bm MM 33:91*8(196)"*), R:357, ABI1:566.

1.1.12.12 Chromium Cr

Recognized as a mineral in 1981. iso ImZm. a = 2.884, Z=2, D = 7.20. 6-
691*{syn): 2.04i01.442 1.1831.022 0.9122 0.833i. Spherulic and rounded grains.
White, metallic luster. H =9, VHN = 1875-2000. G= 7.17. R = 67.9 (540
nm). Yakutia, Russia, as inclusions in diamond; Sichuan Prov., China, in
heavy concentrate from sand, om KT 26:959(1981), AM 67:851*%(1982),
ABI:98.



1.1.12.2 Chromferide Fe3Crl xx = 0.6)

Named in 1986 for the composition, iso PmZm. a —2.859, Z= 1, D = 6.69. bl-
1U66: 2.8722.0210 1.664 1.438 1.2851.1610 1.017. Microscopic grains. Pale gray,
metallic luster. No cleavage. H = 4, VHN 10 = 260. R = 55.3 (540 nm). Mag-
netic. Kumak region, Southern Ural Mts., Russia, in quartz veins with fer-
chromide, graphite, and halite, bm ZVMO 115:355(1986), AM 73:190(1988).

1.1.12.3 Ferchromide Cr3Fel Xx = 0.6)

Named in 1986 for the composition, iso PmZm. a= 2.882, Z= 1, D = 6.18.
ZVMO 115:2.88! 2.0410 1.665 1.446 1.2951.179 1.027 0.778. Microscopic grains.
Pale gray, metallic luster. No cleavage. H = 6-6\, VHN1M0 = 900. R = 58.8
(540 nm). Magnetic. Kumak region, Southern Ural Mts., Russia, in quartz
veins with chromferide, graphite, and halite, bom ZVMO 115:355(1986), AM
73:190(1988).

1.1.13.1 Tin Sn

Known since antiquity, tet lii/amd. a = 5.831, ¢ = 3.182, Z= 4, D = 7.286.
U-673{syn): 2.92i02.7992.063 1.662 1.482 1.442 1.212. Rounded grains or aggre-
gates. Tin-white, metallic luster. Ductile and malleable. H = 2, VHNIi0= 7-9.
G = 7.31. R = 82-88 (540 nm); moderately anisotropic. Nesbitt LaBine mine,
Beaverlodge, SK, Canada, associated with pitchblende; Elkiaidan R., Uzbeki-
stan; Oued Berkou, Algeria, in greisen; Clarence R., near Oban, NSW, Aus-
tralia, in placers, bm D1:126, R:362, ABI: 531.

1.1.14.1 Indium In

Recognized as a mineral in 1964. tet li/mmm. a = 3.252, ¢ = 4.946, Z = 2,
D = 7.29. 5-61>2{syn): 2.7210 2.472 2.304 1.682 1.62! 1.472 1.402 1.36i. Grains
to 1 mm. Gray with yellow tint, metallic luster. H = 3, VHN = 130-159.
R = 92.3; weakly anisotropic. Eastern Transbaikal, Russia, in albitized granite
in association with native lead, bom AM 52:299(1967), ABI:23U.

1.1.15.1 Cupalite (Cu,zZn)Al

Named in 1985 for the composition, orth Space group unknown, a = 6.95,
b= 4.16, c= 10.04, Z= 10, D = 5.18. 39-1371: 5.07i0 4.128 3.592 2.83j 2.61i
2.32i 2.02i. Microscopic grains. Yellow, metallic luster. H = 4-4|,
VHNS = 272-318. R = 62.9 (540 nm); weakly anisotropic. Listvenitovii R.,
Koryak Mts., Kamchatka, Russia, in weathered serpentinite. bm ZVMO
117:90(1985), AM 71:1278(1986), ABI:118.

1.1.15.2 Khatyrkite (Cu,zZn)AI2

Named in 1985 for the locality, tet li/mcm. a= 6.063, c= 4.872, Z= 4,
D = 4.357. 25-12(syn): 4.30i0 3.044 2.377 2.154 2.129 1.927 1.906 1.292. Pris-
matic crystals and microscopic grains. Yellow-gray, metallic luster. Cleavage
{100}. H =5, VHNS = 540. R = 76.1 (540 nm); strongly anisotropic. Kha-



tyrka R., Koryak Mts., Kamchatka, Russia, in weathered serpentinite of the
Khatirskii ultramafic zone, bom ZVMO 117:90(1985), AM 71:1278(1986),
ABI:263.

1.1.16.1 Cohenite (Fe,Ni)3C

Named in 1889 for Emil W. Cohen (1842-1905), German mineralogist and
meteorite researcher. Synonym: Cementite is Fe3C in steel. Contains 0.7-
2.3% Ni and up to 0.3% Co. orth Pnma. a —5.091, b = 6.743, ¢ = 4.526,
Z=4, D= 7.675. 35-772{syn): 2.394 2.384 2.116 2.077 2.036 2.0110 1.985
1.854. Platy crystals or rounded grains. White, tarnishing to yellow, gray
streak, metallic luster. Cleavage {100}, {010}, {001}; very brittle. H = 7,
VHNS —1100. G = 7 20-7.65. Strongly magnetic. Insoluble in dilute HC1.
Disko Is., Greenland, and Putorana plateau, Taimyr Penin., Russia, in ter-
restrial iron; an accessory mineral in some iron meteorites and enstatite chon-
drites. Recorded in metallic particles in lunar rocks, probably of meteoritic
origin, bm DI:122, GCA 31:173(1967), LAP 18(h):32(1993).

1.1.16.2 Haxonite (Fe,Ni)23C6

Named in 1974 for Howard J. Axon (1924-1992), English metallurgist. Con-
tains 3.5-5.6% Ni and up to 0.4% Co. iso Fm&m. a = 10.55, Z= 4, D = 7.70.
25-1f05: 2.3610 2.15i0 1.866 1.765 1.246 1.225 1.164 1.065. Microscopic grains.
Tin-white, metallic luster. 11 = 7, VHN = 850. A minor accessory in some iron
meteorites, often in association with cohenite. bm AM 59:209(197U).

1.1.17.1 Tongbaite Cr3C2

Named in 1983 for the locality, oren Pnma. a = 5.57, b = 11.47, ¢ = 2.816,
Z- 4, D = 6.657. 35-80U{syn): 2.31i02.246 1.954 1.874 1.823 1.783 1.704 1.197.
Microscopic prismatic crystals. Pale yellow-brown, dark gray streak, metallic
luster. H = 8|, VHN3 = 1931. R = 55 (546 nm); distinctly anisotropic. Liu
Zhuang, Tongbai Co., Henan Prov., and Hong district, Tibet, China, in ultra-
basic rocks, bm AM 70:218(1985).

1.1.18.1 Siderazot Fe5N2

Named in 1876 for the composition, nex P6322. a = 4.678, ¢ = 4.369, Z= 1,
D = 3.08. 3-925(syn): 2.3410 2.1910 2.06i0 1.5910 1.3410 1.2410 1.1510 1.1310.
Thin coating on lava. Tin-white, metallic luster. G = 3.147. Mt. Etna and
Mt. Vesuvius, Italy, bom D1:126, ZK 77:511(1930).

1.1.18.2 Roaldite (Fe,Ni)4N

Named in 1981 for Roald Nielsen (b.1928), Danish metallurgist. Contains
5.6-6.4% Ni and 05% Co. iso Prn3m. a=3.79, Z=1, D = 7.168. 6-
627(syn): 2.1910 1.908 1.702 1.347 1.149 1.052 0.9495. Micron-size platelets.
Tin-white, metallic luster. H = 5|-6|, VHN = 600-900. An accessory mineral
in a few iron meteorites, bm AM 66:1100(1981).



1.1.19.1 Osbornite TiN

Named in 1870 for George Osborne, who provided the original material, iso
FmzZm. a= 4.242, Z= 4, D = 5.39. Halite structure. 38-1U20{syn): 2.457
2.12101.5051.282 1.222 1.06! 0.9482. 0.865!. Minute octahedra. Golden yellow,
metallic luster. H = 8-9. G= 5.25. A trace constituent in meteorites, in some
enstatite chondrites and achondrites. bm DI:12U, MM 26:36(191*1).

1.1.19.2 Khamrabaevite (Ti,V,Fe)C

Named in 1984 for Ibrahim K. Khamrabaev (b.1920), Uzbek mineralogist, iso
FmSm. a = 4.319, Z= 4, D = 491. Halite structure. 32-1383(syn): 2.50g
2.16i0 1.536 1.313 1.252 1.081 0.993i 0.9683. Skeletal cubic crystals. Dark
gray, metallic luster. No cleavage, fracture irregular. H =9,
VHNI0 = 2230-2290. R = 475 (580 nm). Chaktal Range, Arashan Mts.,
Uzbekistan, in basaltic porphyrite. bm ZVMO 113:697(1981\), AM
70:1329(1985).

1.1.20.1 Carlsbergite CrN

Named in 1971 for the Carlsberg Foundation, Denmark, which supported the
research, iso FmSm. a = 4.13, Z = 4, D = 6.18. Halite structure. 11-65(syn):
2.399 2.07io0 1.468 1.256 1.203 0.9505 0.9266 0.8466. Micron-size laths and irre-
gular grains. Pale gray, metallic luster. H> 7, VHN > 1000. G = 5.9.
R = 415 (546 nm). A minor accessory in many iron meteorites, bom AM
57:1311(1972).

1.1.21.1 Barringerite (Fe,Ni)aP

Named in 1969 for Daniel M. Barringer (1860-1929), U.S. mining engineer,
who established the meteoritic origin of Meteor Crater, Arizona, nex P62m.
a= 5877, c= 3437, Z- 3, D = 6.91. 33-670(syn): 2.23k, 2.057 1.924 1.722
1.702 1.681 1-282 | Ili. Micron-size grains. Tin-white, metallic luster. A
trace constituent in the Ollague pallasite, possibly a product of artificial
reheating, bom SCI1 165:169(1969), AM 55:317(1970).

1.1.21.2 Schreibersite (Fe,Ni)3P

Named in 1847 for Karl von Schreibers (1775-1852), Austrian meteorite
researcher. Synonym: rhabdite. The Ni content ranges from 7.0 to 65.1%.
tet I1. a=9.056, c= 4.471, Z= 8, D = 7.13. 19-617(syn): 2.20i0 2.145 2.114
2.03g 1.98i01.794 1.766 1.693. Thin plates (rhabdite) or rounded crystals. Tin-
white, tarnishing to brass-yellow, gray streak, metallic luster. Cleavage {001},
perfect; very brittle. H = 6|-7, VHN = 800-950. G = 7.0-7.3. Strongly mag-
netic. An accessory mineral in most iron meteorites and many stony ones; has
been observed in lunar samples, possibly of meteoritic origin. A trace consti-
tuent in terrestrial iron from Disko Is., Greenland, bom DI:12k,, R:361, GCA
29:513(1965).



1.1.22.1 Perryite (Ni,Fe)8(Si,P)3

Named in 1965 for Stuart H. Perry (1874-1957), U.S. newspaper publisher
and researcher on iron meteorites, nex-r RZc. a = 6.640, ¢ = 37.98, Z = 12,
D = 7.63.17-222(syn): 2.6142.5942.1572.107 2.063 1.9810 1.9210 1.784. Micro-
scopic platelets. Tin-white, metallic luster. Twinned on {0001}. Occurs in
association with kamacite in the Horse Creek iron meteorite and in some ensta-
tite chondrites and achondrites. bom MM 36:850(1968), 37:905(1970); AM
77:752(1992).

1.1.23.1 Suessite (Fe,Ni)3Si

Named in 1982 for Hans E. Suess (1909-1993), Austrian-U.S. geochemist.
Contains up to 45% Ni. iso ImZm. a= 2841, Z= 0.5, D = 7.083. 35-
519(syn): 2.0110 1.424 1.163. Microscopic blebs and elongated grains. Cream-
white, metallic luster. R = 51.6 (546 nm). Magnetic. An accessory mineral in
the North Haig ureilite meteorite, Kurama ridge, Uzbekistan, sm AM
67:126(1982).

1.1.23.2 Gupeiite Fe3Si

Named in 1984 for the Gupeikou gateway in the Great Wall of China, iso
FmZm. a= 5670, Z= 4, D = 7.15. 11-616(syn): 3.254 2.834 1.9910 1.704
1.622 1.4110 1.1510 0.99510. Cores of microscopic spheres. Steel-gray, black
streak, metallic luster. Brittle. H =5 VHN = 494-514. R = 53.5 (546
nm). Strongly magnetic. Yanshan area, Hebei, China, in placers, bom AM
71:228(1986).

1.1.23.3 Xifengite Fe5Si3

Named in 1984 for the Xifengkou gateway in the Great Wall of China, hex
P~A/mem. a= 6.757, ¢= 9.440, Z=2, D = 7.15. 11-615(syn): 2.355 2.186
2.0010 1.948 1.929 1.376 1.279 1.248. Cores of microscopic spheres. Steel-gray,
black streak, metallic luster. Brittle. H = 5, VHNS = 633-694. R = 44 (546
nm). Strongly magnetic. Yanshan area, Hebei, China, in placers, om AM
71:228(1986).



1.21.2 Iridium i

Platinum Group

The members of the platinum group are elements sharing a cubic close-packed
structure, space group Fm3m. They are isostructural among themselves and
with the gold group.

Cubic Close-Packed Elements

Space
Mireral Formula Goup  a D
Platinum Pt Frvm 3.924 21.46 1211
Iridium Ir Frvm 3.839 22.56 12.1.2
Rhodium (Rh, Pt) FHrvm 3.803 12.43 1.2.1.3
Palladium Pd FHrvm 3.890 12.01 1.2.1.4

Note: Platinum, palladium, rhodium, and iridium form solid solutions among themselves. Many
were separately named as minerals, but with the advent of the electron microprobe analyzer,
most of the introduced names have been discarded as superfluous [CM 29:231(1991)].

1.2.1.1 Platinum Pt

Named in 1748 from the Spanish platina, diminutive of plata, silver. Platinum
group. Natural occurrences always alloyed with other Pt-group elements and
with Fe. iso FmZm. a= 3.924, Z = 4, D = 21.46. 29-717{syn): 2.2410 1.946
1.376 1.17g 0.8909 0.867g 0.79210. Cubic crystals rare, usually as grains or
flakes, rarely as sizable nuggets. Tin-white to steel-gray, dark gray to black
in Fe-rich varieties; metallic luster. No cleavage, hackly fracture, malleable
and ductile. H = 4-4 VHNioo = 297-339. G = 14-19. Nonmagnetic to mag-
netic, magnetism increasing with Fe content. Insoluble except in hot aqua
regia. Platinum is usually found in or associated with mafic and ultramafic
igneous such as olivine gabbro and pyroxenite (Urals) and peridotite and
dunite (Urals and Transvaal). Also found in quartz veins associated with
hematite, chlorite, and pyrolusite. Commonly concentrated in placers. Plati-
num is widely distributed in placers throughout the world, but most commer-
cial production is from primary deposits such as the Merensky Reef of the
Bushveld Igneous Complex in South Africa and the Stillwater complex in
Montana, and as a by-product from nickel ores as at Sudbury, ON, Canada;
Norilsk, Russia; and Kambalda, WA, Australia. In the United States, placer
deposits occur at Cape Blanco, Curry Co., OR, at several localities in CA, and
at Platinum Creek, Goodnews Bay, AK. Also at Riviere-du-Loup, Beauce
Co., PQ, near Edmonton, AB, Kamloops, Similkameen district, and Tula-
meen R., BC, Canada; Nizhni Tagil district, Ural Mts., and Konder(*),
near Nelkan, Khabarovsk Oblast, Russia; near Papayan, Cauca, Colombia;
Bom Sucesso, near Serro, MG, Brazil, bm DI:106, R:SUQ, P&J:302, ABI:J)10.

1.2.1.2 Iridium Ir

Named in 1804 because its salts are of varied colors. Platinum group. Always
alloyed with other Pt-group elements; platiniridium is a rejected name for



platinian iridium, osmiridium a rejected name for osmian varieties, iso FmSm.
a=3.839, Z= 4, D = 22.56. 6-598(syn): 2.2210 1.925 1.364 1.165 1.112 0.8814
0.8594 0.7845. Cubic habit, usually as rounded grains. Silver-white, metallic
luster. Cleavage {001}, indistinct; hackly fracture. H = 6-7, VHN100 = 867.
G = 19-21. Occurs in Pt-bearing ultrabasic rocks and in placers derived from
them. Salmon Creek, Siskiyou Co., and other localities in CA; Goodnews Bay,
AK; Tulameen, Spruce Creek, and Atlin, BC, Canada; Nizhni Tagil district,
Ural Mts., Russia; Ava, near Mandalay, Burma; loma area, Papua New
Guinea; Pieman R., TAS, Australia, om DI:110, R:339, AB1:239, CM
29:231(1991).

1.2.1.3 Rhodium (Rh,Pt)

Identified as a mineral in 1974. Platinum group, iso FmZm. a = 3.803, Z = 4,
D = 12.43. 5-685(syn): 2.2010 1.905 1.353 1.153 LIOj. 0.951i 0.8722 0.850!.
Microscopic subhedral grain. Silver-white, metallic luster. H = 3\,
VHN = 136-194. R = 72.6 (546 nm). Stillwater Complex, MT, a single
grain with composition Rh05/Pt043 in heavy-mineral concentrates, bm CM
12:399(1974), AM 61:340(1976), AB 1:439.

1.2.1.4 Palladium Pd

Named in 1803 for the asteroid Pallas, discovered in 1802. Platinum group, iso
FmSm. a = 3.890, Z= 4, D = 12.01. 5-681(syn): 2.2510 1.954 1.383 1.172 1.12\
0.972! 0.892! 0.870i. Rarely as octahedra; commonly in grains, sometimes
with a radial fibrous texture. White to pale steel-gray, metallic luster. No
cleavage, malleable and ductile. H = 4i-5. G=119. R = 67.8 (540 nm).
Easily confused with platinum but has a much lower density and is soluble
in HN03. Occurs as a primary phase in platinum deposits and as an oxidation
product of palladium-bearing sulfides. Ural Mts., Russia; Merensky Reef,
Transvaal, South Africa; Choco, Cauca, Colombia; Potaro R., Guyana;
Bom Sucesso, near Serro, MG, Brazil, bom DI1:109, R:338, P&J-.286, AB1:376,
MR 23:471(1992).

Osmium Group

The members of the osmium group share a hexagonal close-packed structure.

Hexagonal Close-Packed Elements

Space
Mireral Formula Group a c D
Osmium (Os,Ir,Ru) P63/mmc 2.733 4319 2259 1.2.21
Ruthenium (Ru,lIr,Os) P 63/ramc 2.704 4.326 1236 1.2.2.2

Rutheniridosmine  (Ir,0s,Ru) P63IMMC 2.726 4.326 206 1.2.2.3
Rhenium Re P63/mmc 2.760 4.458 21.0 1.2.2.4



12.2.2 Ruthenium 19

Notes:

1. Osmium and ruthenium form alloys with iridium, one of which is found as the mineral
rutheniridosmine.

2. Zinc (1.1.5.1) and cadmium (1.1.5.2) are isostructural with osmium.

1.2.2.1 Osmium (Osyr,Ru)

Named in 1804 from the Greek for smell, because of the odor of its volatile
oxide. Osmium group. May contain up to 50% Ir, 20% Ru, and minor
amounts of the other platinum group elements. Iridosmine, siserskite, and
nevyanskite are obsolete names for iridian osmium, nex P6s/mmc. a = 2.733,
c=4319 Zz= 2, D = 22.59. 6-662{syn): 2.374 2.164 2.08i0 1.602 1.372 1.232
1.162 1.142. Crystals tabular {0001}, also as flattened grains. Tin-white to
steel-gray, metallic luster. Cleavage {0001}, perfect but difficult; slightly mal-
leable. H = 7, VHN2 = 1206-1246. G = 17.6-21.2. R = 55 (540 nm); strongly
anisotropic. Occurs with other platinoid minerals, usually in placers. Amer-
ican R., Sacramento Co., Salmon Creek, Siskiyou Co., and other localities in
CA; Similkameen, Atlin, and Quesnel, BC, Canada; several localities in the
Ekaterinburg Oblast, Ural Mts., and in Yakutsk and Transbaikalia, Russia;
Anduo, Tibet, China; Guma Water, Sierra Leone; Birbir R., Ethiopia; Rus-
tenberg area, Transvaal, South Africa; Pieman R., TAS, Australia; Lee R.,
Nelson, New Zealand, bom DI:111, R:350, P&J:28U, AB:369, CM
29:231(1991).

1.2.2.2 Ruthenium (Ru,lr,0s)

Identified as a mineral in 1974. Osmium group, nex P63/rnrnc. a = 2.704,
c=4.326, Z= 2, D = 12.36. 6-663(syn): 2.344 2.144 2.0610 1.583 1.353 1.223



1.143 1.132. Microscopic grains. Silver-white, metallic luster. H = 6].
VHNI1ob = 872. R = 60.1 (530 nm); weakly anisotropic. Occurs in placers.
Yuba R., Nevada Co., CA; Tennessee Pass, Josephine Co., OR; Nizhni
Tagil, Ural Mts., Russia; Nuanquanzi Au deposit, northern China; Horaka-
nai, Hokkaido, Japan, bm MJJ 7:438(1974), AM 61:177(1976), AB1:454,
TMPM 43:137(1990).

1.2.2.3 Rutheniridosmine (Ir,0s,Ru)

Named in 1973 for the composition. Osmium group. Its compositional field is
restricted to hexagonal Ir-Os-Ru alloys in which Ir is the dominant element.
hex P63/mmc. a= 2.726, c = 4.326, Z = 2, D = 20.6. 41-601: 2.3682.0710 1.594
1.366 1.155 1.144 0.9144 0.8705. Rounded grains. Silver-white, metallic luster.
H = 6-7, VHNioo = 1100. R = 72.0 (556 nm). Occurs in placer deposits
derived from ultrabasic rocks. Spruce Creek and Tulameen R. areas, BC,
Canada; Ural Mts. and Yakutia, Russia; Witwatersrand, South Africa; Massif
du Sud, New Caledonia; Heazlewood district, TAS, Australia; lronstone
Creek, Parapara, Nelson, New Zealand, om CM 12:104(1973), 29:231(1991),
AM 60:946(1975), AB1:453.

1.2.2.4 Rhenium Re

Identified as a mineral in 1976. Osmium group, nhex P63/mmc. a —2.760,
c= 4458, Z=2, D= 21.0. 5-702(syn): 2.393 2.233 2.1110 1.63i 1.382 1.262
1.172 1.152. Microscopic grains. Silver-white, metallic luster. Transbaikal,
Russia, in wolframite; Allende meteorite, in Ca,Al-rich inclusions (97% Re,
3% Ru). bom AM 63:1283(1978).

1.2.3.1 Hongshiite PtCu

Named in 1974 for the locality, nex-r R3m. a = 10.703, ¢ = 13.197, Z = 48,
D = 15.75. 42-1326: 4.353 2.20i0 1.908 1.355 1.335 1.158 1.103 0.8565. Micro-
scopic grains. Lead-gray, black streak, metallic luster. H = 4, VHNX = 204-
277. G = 15.00. R = 60.5-62.8 (540 nm); weakly anisotropic, red-brown to
gray. Goodnews Bay, AK; Hong district, China; Merensky Reef, Transvaal,
South Africa, bom AM 61:185(1976), 69:411(1984), AB1:223.
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Tetraferroplatinum Group

The five members of the tetraferroplatinum group are intermetallic com-
pounds sharing the general formula

AB or a multiple thereof
where
A = Pt, Pd
B = Cu, Fe, Ni, Hg

and sharing the tetragonal P4/mmm structure. The structure is related to that
of the isoferroplatinum group.

Tetraferroplatinum Group

Space
Mineral Formula  Group a c D
Tetraferroplatinum PtFe PlttMimm  3.84 3.72 15.07 1.2.4.1
Tulameenite pt2Fecu PJffmmm 3902 3585 1521 1.2.4.2
Ferronickelplatinum  Pt2FeNi PIfjmmm 3871 3635 1539 1.2.4.3
Potarite PdHg PU'nmm 3.026 3.702 1503 1.2.4.4

Note: Tetraauricupride (1.1.2.2) is isostructural with these minerals.

1.2.4.1 Tetraferroplatinum PtFe

Named in 1975 for the composition and crystal system. Tetraferroplatinum
group. Composition somewhat variable around PtFe; may contain minor
amounts of Cu, Rh, Ir, Sb. ter P4/mmm. a= 384, c¢c=372, Z=2



D = 15.07. 26-1139(syn): 2.201? 1.345 1.169 1.136 1.106 1.045 1.026 0.9186.
Rounded grains or flakes. Silver-white, metallic luster. VHNioo = 384.
G = 14.3. R = 61.3 (546 nm); weakly anisotropic. Ferromagnetic. Occurs in
Pt-bearing placers; probably more common than reported because of confu-
sion with ferroan platinum. Tulameen and Similkameen R., BC, Canada;
Talnakh, Norilsk, Russia; Pirogues R., New Caledonia; Mooihoek and Wit-
watersrand, Transvaal, South Africa,bm CM 13:117(1975), AM 61:31*1(1976),
TMPM 36:175(1987), ABI: 525.

1.2.4.2 Tulameenite Pt2FeCu

Named in 1973 for the locality. Tetraferroplatinum group. Contains minor Ir,
Ni, Sh; forms a series with ferronickelplatinum. tet Pi/mmm. a = 3.902,
c=3585 Z=1 D= 1521 1*2-1359: 2.1910 1.95fi 1.326 1.1710 1.099 1.028
0.9766 0.9417. Microscopic grains. White, metallic luster. H =5
VHND = 420-456. G = 14.90. Ferromagnetic. R60-66 (546 nm); very weakly
anisotropic. Stillwater Complex, MT; Tulameen and Similkameen R., BC,
Canada; Nizhni Tagil, Ural Mts., Russia; Guma Water, Sierra Leone;
Yubdo, Ethiopia, om CM 12:21(1973), AM 59:383(1971*), ABI: 51*2

1.2.4.3 Ferronickelplatinum Pt2FeNi

Named in 1983 for the composition. Tetraferroplatinum group. Forms a series
with tulameenite. tet Pi/mmm. a= 3.871, ¢=3.635 Z=1 D = 15.39.
35-702: 3.661 2.75i 2.1910 1.945 1.703 1.324 1.163 1.092. Microscopic grains.
Silver-white, metallic luster. H = 5, VHNX = 481. R = 59.0 (540 nm); weakly
anisotropic. Occurs in placers derived from ultrabasic rocks. Goodnews Bay,
AK; Koryak Mts., Kamchatka, Russia, bm ZVMO 112:1*87(1983), AM 69:1190
(1981*), ABI: 155.

1.2.4.4 Potarite PdHg

Named in 1926 for the locality. Tetraferroplatinum group, tet Pk/mmm.
a= 3.026, c= 3702, Z= 2, D = 15.03. 13-11*9(syn): 2.34i0 2.145 1.406 1.278
1.175 1.145 Q9285 0.8508. Small grains or nuggets. White to steel-gray, metal-
lic luster. Brittle. H = Z\, VHN10 = 132. G = 13.5-16.1. R - 61.0 (540 nm).
Musonoi and Mindingi, Zaire; Merensky Reef, Transvaal, South Africa;
Potaro R., Guyana, in placers, om DI:105, AM 1*5:1093(1960), R:362,
AB 1:1*18.
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Isoferroplatinum Group

The members of the isoferroplatinum group are intermetallic compounds shar-
ing the general chemical formula

A3B
where
A = Pt, Pd
B = Fe, Sn, or Pb

and sharing the same cubic structure in space group Pm3m.

Isoferroplatinum Group

Space
Mineral Formula Group a D
Isoferroplatinum Pt3Fe PmZm 3.866 18.42 1.25.1
Rustenbergite (Pt,Pd)3Sn Pm3m 3.988 15.08 1.2.5.2
Atokite (Pd,Pt)3Sn Pm3m 3.991 1419 1.25.3
Zvyagintsevite (Pd,Pt,Au)3 PmSm 4.024 13.41 1.2.5.4
(Pb,Sn)
Chengdeite Ir3Fe PmSm 3.792 19.30 1.255.5

Notes:
1. Auricupride (1.1.2.1) is isostructural with these minerals.
2. See the tetraferroplatinum group for related tetragonal structures.



1.2.5.1 Isoferroplatinum Pt3Fe

Named in 1975 for the composition and crystal system. lIsoferroplatinum
group. Contains minor amounts of Ir, Pd, Ru, and Rh. iso PmBm.
a=3.866, Z= 1, D = 18.42. 29-11+23: 2.226 1.9310 1.722 157! 1.367 1.1710
1.115 1.07!. Microscopic cubic crystals, and rounded grains and flakes.
Silver-white, metallic luster. VHNI0 = 503-572. Occurs in Pt-bearing placers;
probably more common than reported because of confusion with ferroan
platinum. Stillwater Complex, MT; Goodnews Bay, AK; Tulameen and
Similkameen R., BC, Canada; Norilsk and Kondor, Russia; Witwatersrand
and Merensky R., Transvaal, South Africa; Round Hill, near Orepuki, New
Zealand, bm CM 13:117(1975), AM 61:31+1(1976), ABI:21+3.

1.2.5.2 Rustenbergite (Pt,Pd)3Sn

Named in 1975 for the locality. Isoferroplatinum group. Forms a series with
atokite (1.2.5.3). iso PmSm. a —3.988, Z= 1, D = 15.08. 29-968: 2.30i0 1.998
1.419 1.20i0 1.154 0.9159 0.892g 0.8159. Microscopic grains. Cream-white,
metallic luster. H = 4|, VHN2 = 365. R —59.8 (546 nm). Stillwater Com-
plex, MT; Norilsk, Russia; Rustenberg mine and Atok mine, Transvaal, South
Africa, bm CM 13:11+6(1975), AM 61:31+0(1976), AB 1:1+51.

1.2.5.3 Atokite (Pd,Pt)3Sn

Named in 1975 for the locality. Isoferroplatinum group. Forms a series with
rustenbergite (1.2.5.2). iso Pm3m. a=3.991, Z=1, D = 14.19. 29-967:
2.3010 1.998 1.419 1.20i0 1.154 0.9159 0.892g 0.8159. Microscopic grains.
Cream-white, metallic luster. H = 4|, VHNZX%= 357. R = 59.2-65.1 (546
nm). Stillwater Complex, MT; Norilsk, Russia; Atok mine and Rustenberg
mine, Transvaal, South Africa, bm CM 13:11+6(1975), AM 61:31+0(1976),
ABI:35.

1.2.5.4 Zvyagintsevite (Pd,Pt,Au)3(Pb,Sn)

Named in 1966 for Orest E. Zvyagintsev (1894-1967), Russian geochemist.
Isoferroplatinum group. May contain up to 4% Au. iso Pm3m. a = 4.024,
Z=1 D = 1341. 20-827(syn): 2.32i0 2.018 1.427 1.229 1.164 1.013 0.9236
090®. Microscopic grains. Cream-white, metallic luster. H = 4|,
VHNL = 241-318. R = 65.5 (540 nm). Stillwater Complex, MT; Talnakh,
Norilsk, Russia, bom GRM 8:91+(1966), AM 52:299(1967), R:363, AB1:588.

1.2.5.5 Chengdeite Ir3Fe

Named in 1995 for the locality, iso Pm3m. a= 3.792, Z= 1, D = 19.30. MR
27: 2.188 1.898 1.347 1.262 1.204 1.14i0 1.098. Microscopic grains. Black, black
streak, metallic luster. No cleavage. H = 5, VHNX = 452. Strongly magnetic.
In reflected light white with a yellow tint; isotropic; R = 69.3 (546 nm). Luan



R., Chengde Co., China, in placer deposits, bm AGS 69(3):215(1995), MR
27:202(1996), AM 81:516(1996).

1.2.6.1 Paolovite Pd2Sn

Named in 1974 for the composition: palladium and olovo (Russian = tin).
orth Pbnm. a= 8.11, b= 5.662, c= 4.234, Z= 4, D = 11.32. 26-1297: 3.193
2.3642.28102.167 1.965 1.404 1.343 1.324. Microscopic grains. Lilac-rose, metal-
lic luster. H = 4|, VHN® = 380. R = 48-53 (540 nm). Geordie Lake, ON,
Canada; Oktyabr mine, Talnakh, Norilsk, Russia; Atok and Western mines,
Transvaal, South Africa, bm GRM 16:98(197'1*), AM 59:1331(1971*); AB1:380,
CM 28:1*89(1990).

1.2.7.1 Taimyrite (Pd,Cu,Pt)3Sn

Named in 1982 for the locality (Taimyr Peninsula), orth Space group
unknown, a = 16.11, b= 11.27, ¢ = 8.64, Z= 22, D = 10.20. 1*1-11*09: 2.365
2.295 2.1610 2.042 1.444 1.303 1.224 1.142. Microscopic grains. Bronze-gray,
metallic luster. H=5 VHN®= 480. R = 45-50 (550 nm); anisotropic,
yellow-gray to dark gray. Talnakh, Norilsk, Russia, bm ZVMO
111:78(1982), AM 68:1252(1983), ABI:511.

1.2.8.1 Cabriite Pd2SnCu

Named in 1983 for Louis J. Cabri (b.1934), Canadian mineralogist, orth
Pmmm. a= 7.88, b= 7.88, c= 394, Z=4, D= 10.73. 37-1*18: 2.2910 2.179
1.8431.433 1.238 1.224 1.183 1.092. Microscopic grains. White, metallic luster.
H=4, VHN®= 258-282. G= 111. R =45.0-52.0 (540 nm); strongly
anisotropic, gold to gray-brown. Thetford mines, PQ, Canada; Oktyabr
mine, Talnakh, Norilsk, Russia, bm CM 21:1*81(1983), AM 69:1190(1981%),
ABI:71*.

1.2.9.1 Stannopalladinite Pd3Sn2

Named in 1947 for the composition, hex P63/mmc. a = 4.390, c = 5.655,
Z=1, D —9.79. 1*801(syn): 2.2710 2.2010 1.587 1.425 1.197 0.9886 0.9446
0.8347. Microscopic crystals. Pale brown-rose, metallic luster. H = 4”5,
VHN = 387-452. R = 53-54 (540 nm); strongly anisotropic, red to blue. Mon-
chegorsk, Kola Penin., and Talnakh, Norilsk, Russia; Merensky Reef, Trans-
vaal, South Africa, bm DANS 58:1137(191*7), MA 10:1*53(191*9), CM
19:599(1981), AB 1:1*92.

1.2.10.1 Niggliite PtSn

Named in 1937 for Paul Niggli (1888-1953), Swiss mineralogist, hex
P6s/mmc. a = 4.100, c= 5.432, Z= 2, D = 13.18. Nickeline structure. 25-



611+syn): 3.556 2.9772.1610 2.058 1.498 1.209 1.136 0.9276. Microscopic grains.
Silver-white, metallic luster. H = 5|, VHNZX = 590. R = 45-57 (540 nm);
strongly anisotropic, cream-pink to dark blue or black. Sudbury, ON, Canada;
Monchegorsk, Kola Penin., and Talnakh, Norilsk, Russia; Waterfall Gorge,
Insizwa, South Africa, bm D1:3l+7, MM 38:791#1972), R:363, P&J:I+07,
ABI:352.

1.2.11.1 Plumbopalladinite Pd3Pb2

Named in 1970 for the composition, hex P63/ wc. o = 4.465, ¢ = 5.709, Z = 1,
D = 12.36. .4-797(syn): 3.2172.30102.2410 1.766 1.608 1.426 1.308 1.218. Micro-
scopic grains. White with a rose tint, metallic luster. H = 5, VHNS = 407-
441. R = 51-54 (540 nm); strongly anisotropic, orange-brown to dark brown.
Stillwater Complex, MT; Mayak mine, Talnakh, Norilsk, Russia; Merensky
Reef, Transvaal, South Africa, bm GRM 5:63(1970), AM 56:1121(1971),
AB1.%13.

Arsenic Group

Four semimetal minerals are isostructural with arsenic and crystallize in a
rhombohedral lattice with space group RSm. Each atom is bonded to six of
its neighbors, but more closely to three than the other three. The shorter of
the bonds, which are due to a degree of covalency bonding within As4 groups,
eliminates simple sphere packing and results in a puckered sheet of atoms,
which is connected to the next sheet by the longer bonds. The sheets extend in
the (0001) plane, resulting in perfect basal cleavage.

Arsenic Group

Space
Mirerdl Formula  Group a c D
Arsenic As RSm 376 1056 5.78 1311
Antimony Sb RSm 4307 11273 6.70 1312
Stibarsen SbAs RSm 4,02 1080 6.48 1313
Bismuth Bi RSm 4546 11860 9.75 1314

Notes:

1. The tsumoite, tetradymite, and joseite group minerals are very similar to the arsenic group:
they have the same space group, with ain the range 4.1-4.5 A, and ca multiple of 2, 3, and 4.

2. Arsenolamprite (1.3.2.1) is an orthorhombic form of arsenic.

3. Paradocrasite (1.3.3.1) is a semimetal of antimony and arsenic but crystallizes in a
monoclinic space group.

1.3.1.1 Arsenic As

Known since antiquity. Arsenic group. Usually contains small amounts of Sb
in solid solution. Dimorphous with arsenolamprite. hex-r RSm. a = 3.76,
c= 1056, Z= 6, D = 5.78. 5-632(syn): 3.523 3.11i 2.7710 2.05z 1.883 1.77],



13.1.2 Antimony 27

1.76i 1.564. Crystals rare; usually massive, reniform, stalactitic, often in
concentric layers. Tin-white, tarnishing to dark gray, tin-white streak,
metallic luster. Cleavage {0001}, perfect; {1014}, fair; uneven fracture;
brittle. H = 3|, VHN10 = 72-173. G= 5.6-5.8. R = 47.4-53.2 (540 nm);
distinctly anisotropic. On heating, sublimes without melting, giving dense
white fumes with a garlic odor (poisonous). Widely distributed. Sterling Hill,
NJ, and Washington Camp(*), Santa Cruz Co., AZ; near Port Alberni,
Vancouver Is., and Watson Creek, Fraser R., BC, Canada; Ste.-Marie-
aux-Mines, Haut-Rhin, France; Wolfsberg and Andreasberg(*), Harz, and
Freiberg, Schneeberg, Marienberg, and Annaberg(*), Saxony, Germany;
Jachymov and Pribram, Czech Republic; Sacaramb, Hunyad, and Cavnic,
Romania; Akatani mine(*), Fukui Pref., Japan; Bidi, Sarawak; Forbes,
NSW, Australia; Kaponga mine, near Coramandel, New Zealand; Huallapon
mine, Pasta Bueno, Peru; Copiapo, Chile, bm DI:128, R:365, P&J.76,

ABI:2A.

1.3.1.2 Antimony Sb

Known since antiquity, identified as a mineral in 1748. Arsenic group.
Usually contains a little As. nhex-r RBm. a = 4.307, c= 11.273, Z = 6,
D - 6.70. 35-732{syn): 3.7533.1110 2.257 2.156 1.884 1.426 1.37? 1.264. Rarely
as pseudocubic or thick tabular crystals, usually massive, foliated, or gran-
ular; tin-white, gray streak, metallic luster. Cleavage {0001} , perfect and
easy; less distinct on {1011}, {1014}, {1120}; twins on {1014} common,



often polysynthetic or in complex groups; very brittle. H = 3-3
VHNioo = 50-69. G = 6.6-6.7. R = 70.0-71.6 (540 nm); weakly pleochroic
and anisotropic. Occurs in veins with silver, antimony, and arsenic minerals,
often with stibnite or stibarsen. Surcease mine, near Las Plumas, Butte Co.,
and Antimony Peak deposit and Tom Moore mine(*), Kern Co., CA; Lake
George mine(*), York Co., NB, Canada; Moctezuma, SON, Mexico; Alle-
mont, Isere, France; Sala, Vastmariland, Sweden; Seinajoki, Finland;
Andreasberg(*), Harz, Germany; Pribram, Czech Republic; Sarawak, Bor-
neo; Consols mine(*), Broken Hill, NSW, Australia; Huasco, Atacama,
Chile; Quime, La Paz, Bolivia, bm DI:132, R:373, P&J:69, ABI:16, MR
22:263(1991).

1.3.1.3 Stibarsen SbAs

Named in 1941 for the composition. Arsenic group. Allemontite is stibarsen
intergrown with either arsenic or antimony, hex-r RZm. a = 4.02, ¢ = 10.80,
Z=3,D = 6.48. 31-80: 3.6032.92102.1362.017 1.664 1.472 1.284 1.012. Usually
massive, reniform or mammilary, or fine granular. Tin-white, tarnishing to
gray, metallic luster. Cleavage {0001}, perfect. H = 3-4. G = 5.S5-6.2.
R = 61.6-66.3 (540 nm). Occurs in hydrothermal veins and granite pegma-
tites. Ophir mine, Comstock Lode, NV; Bernic Lake, MB, and Atlin and
Alder lIs., BC, Canada; Varutrask, Vdsterbotten, Sweden; Mine des Chalanches,
near Allemont, France; Andreasberg, Harz, Germany; Pribram, Czech Repub-
lic; Broken Hill, NSW, Australia, bm DI:130, AM 26:756(1971), R:371,
P&J:352, ABI.%96.

1.3.1.4 Bismuth Bi

Known since the Middle Ages. Arsenic group, hex-r RSm. a = 4.546,
c= 11860, Z= 6, D = 9.75. 5-519(syn): 3.954 3.2810 2.374 2.274 1.974 1.872
1.494 1.442. Indistinct crystals, often in parallel groupings; also arborescent,
foliated, or granular. Silver-white with a reddish hue, iridescent tarnish;
silver-white streaky metallic luster. Cleavage {0001}, perfect and easy;
{1011}, good; {1014}, poor; sectile; brittle. H = 2-2~, VHNI100 = 16-18.
G =9.7-9.8. R = 62.6-63.8 (540 nm); distinctly anisotropic. Easily fusible,
MP = 270°. Occurs in hydrothermal veins and in pegmatites. Monroe, CT,;
Chesterfield district, SC; French Creek and Las Animas mines, Boulder Co.,
CO; Pala, San Diego Co., CA; Cobalt, ON, and Great Bear Lake, NWT,
Canada; Dolcoath and other mines, Cornwall, England; Meymac, Correze,
France; Altenberg, Schneeberg(*), and Annaberg, Saxony, Germany;
Jachymov, Czech Republic; Ikuno(*), Hyogo Pref., Japan; Wolfram
Camp(*), Q, and Kingsgate(*), NSW, Australia; Uncia, Chorolque, Llallagua,
Tazna(*), Colquechaca(*), and Potosi(*), Bolivia; Bogueiraa(*), Parelhas,
RN, Brazil, bm DI:13U, R:37U, P&J:91, ABI:55.



13.3.1 Paradocrasite 29

1.3.1.5 Stistaite SbSn

Named in 1970 for the composition: stibium (antimony) and stannum (tin).
hex-r RSm. a —8.648, ¢ = 10.675, Z= 12, D = 6.91. 33-118(syn): 3.07102.183
2.163 1.78! 1.77! 1.53i 1.38i 1.37i. Microscopic pseudocubic crystals. Gray,
metallic luster. H= 3, VHN - 103-127. G = 6.91. R - 81.6 (540 nm). Elkiai-
dan R., Uzbekistan; Rio Tamana, Colombia, in heavy-mineral concentrates
from placer deposits, bsm ZVMO 99:68(1970), AM 56:358(1971),
NJMM:117(1981), AB1:501.

1.3.2.1 Arsenolamprite As

Named in 1886 for the composition and the Greek for brilliance, in allusion to
its luster. Dimorphous with arsenic. Contains up to 3% Bi. ortn Bmab.
a= 3.65 b= 447 c= 110, Z= 8, D = 5.55. 30-100: 5.49i 3.472 2.74i0 2.242
1.88i 1.7431.69! 1.52i. Needles, radial aggregates of plates, or massive. Gray-
white, tarnishing to black, black streak, metallic luster. Perfect cleavage in
one direction. H = 2. G = 5.3-5.5. R = 44.0-49.6 (540 nm); weakly anisotro-
pic. Ste.-Marie-aux-Mines, Alsace, France; Machenheim and Wittichen,
Black Forest, and Marienberg, Saxony, Germany; Lengenbach, Binn, Switzer-
land; Jachymov, Czech Republic; Mina Alacran, Copiapo, Chile, bm DI1:130,
CE 20:71(1959), R:370, P&J:77, ABI:26.

1.3.3.1 Paradocrasite Sb2(Sb,As)2

Named in 1971 from the Greek for unexpected alloy, mon C2. a= 7.252,
b= 4172, c- 4.431, p= 123.13°, Z= 1, D = 6.44. 25-"8: 3.724 3.06i0 2.216
2.097 1.734 1.524 1.394 1.334. Microscopic stubby prisms. Silver-white, black
streak, metallic luster. Perfect {010} parting. H =3, VHNID0= 118.



G = 6.52. R = 70.0 (546 nm); strongly anisotropic, white to gray. Polysynthe-
tically twinned. Atlin, BC, Canada; Moctezuma, SON, Mexico; Consols mine,
Broken Hill, NSW, Australia, om AM 56:1127(1971), AB1:282.

1.3.4.1 Selenium Se

Discovered in 1818, recognized as a mineral in 1828. Named from the Greek
for moon, because it is often associated with tellurium (from Latin tellus,
earth), nex-r P3i21. a= 4.366, c= 4954, Z= 3, D = 4.81. 6-362(syn): 3.786
3.0110 2.182 2.074 2.002 1.772 1.65! 1.64!. Acicular crystals up to 2 cm long,
frequently hollow and tubular, occasionally in sheetlike clusters, also as glassy
droplets. Gray, red streak, metallic luster. Cleavage {0112}, good; crystals
flexible. H= 2. G=4.80. R =24.1-341 (540 nm); strongly anisotropic.
Formed by the sublimation of fumarolic vapors and by the oxidation of Se-
bearing material in sandstone U-V deposits. Glen Lyon, Luzerne Co., PA, on
old burning coal-waste heaps, as a surface fumarolic product (!). Occurs in
many U-V mines in the Colorado Plateau; United Verde mines, Jerome, AZ,
in a fire zone; Kladno, Czech Republic, on burning heaps of pyritic sediments;
Pacajake mine, Colquechaca, Chile, with selenide minerals, bm D1:136, R:382,
P&J339, ABI.%68.

1.3.4.2 Tellurium Te

Recognized as a mineral in 1802. Named from Latin tellus, earth, hex-r P3i21.
a= 4457, ¢=5929, Z=3, D = 6.23. U-55U(syn): 3.862 3.23i0 2.354 2.233
2.09i 1.842 1.62! 1.48i. Prismatic crystals up to 3 cm; usually massive, colum-
nar to fine granular. Tin-white, gray streak, metallic luster. Cleavage {1010},
perfect; {0001}, imperfect; brittle. H = 2-2i, VHNiO= 48-66. G = 6.1-6.3.
R = 57.1-68.7 (540 nm); strongly anisotropic. A hydrothermal vein mineral,
associated with gold and silver tellurides. Cripple Creek, Teller Co., Magnolia,
Goldhill, Ballarat, and Central districts, Boulder Co., and Vulcan(*), Gunni-
son Co., CO; Wilcox district, NM; Delamar(*), Lincoln Co., NV; Frood mine,
Sudbury, ON, Canada; Moctezuma(*), SON, Mexico; Facebaj, Transylvania,
Romania; Balia, Turkey; Kochbulak(*), Uzbekistan; Teine mine, near Sap-
poro, and Kawazu mine, near Simoda, Japan; Shimian mine, Sichuan Prov.,
China; Empress mine, Vatukoula, Fiji; Kalgoorlie, WA, Australia, om D1:138,
R:383, P&J-.36U, AB 1:516.

1.3.5.1 Sulfur ctS

Known since antiquity. Dimorphous with rosickyite. ortn Fddd. a = 10.45,
b= 1284, c= 24.46, Z= 128, D = 2.08. 8-2U7{syn): 3.85i0 3.444 3.338 3.216
3.1133.0822.8422.62i. Structure: The atoms are bonded into puckered rings of
eight atoms that can be regarded as S8 molecules; each atom is bonded to two
neighbors in its ring by homopolar bonds; the distance between S atoms in
adjacent rings is much greater than the distance within the ring. Physical
properties; Dipyramidal crystals, also thick tabular and disphenoidal; at
least 56 crystal forms are known; also massive, reniform, and stalactitic.



1.3.5.2 Rosickyite 31

Pale yellow to yellow-brown, white streak, resinous to greasy luster. Cleavage
{001}, {110}, {111}, imperfect;parting {111}; conchoidal to uneven fracture;
brittle. H = 1]-2|. G= 2.07. Tests: MP = 113°; burns in air, giving choking
fumes of S02. Chemistry: Usually pure; Se and Te may be present in trace
amounts.  Optics:  Biaxial (+); Nx= 1.958, Ny = 2.038, Nz = 2.245;
XY = ab; 2V = 69° r < v. Ocurrence: Widely distributed in regions of recent
volcanic activity, as a sublimate in fumaroles and by the oxidation of H2S.
Most commercial deposits are in salt domes, where it has been formed by the
bacterial decomposition of calcium sulfate. Localities: LA and TX, in salt
domes; Yellowstone Park, WY, in fumaroles; Sulphur Bank, Lake Co.,
Leviathan mine, Alpine Co., Mt. Shasta, Siskiyou Co., and other localities
in CA; Mauna Loa and Kilauea, HI; San Felipe(*), BC, Mexico; Conil(*),
near Cadiz, Spain; Agrigento(*), Sicily; Shor Su(*), Fergana, Uzbekistan;
numerous localities in Japanese volcanic regions; White Is., New Zealand.
Uses: The principal source of sulfur compounds, widely used in industry and
agriculture, bom D 1:11+0, AB 1:506.

1.3.5.2 Rosickyite y-S

Named in 1931 for Vojtech Rosicky (1880-1942), Czech mineralogist. Dimor-
phous with a-sulfur. mon P2/n. a= 850, b= 13.16, ¢ = 9.29, B= 124.86°,



32 13.6.1 Diamond

Z=32, D =202 13-Ul{syn): 6.653 3.79! 3.742 3.2910 3.04! 2.49i 1.452.
Microscopic equant crystals. Colorless to pale yellow, white streak, adaman-
tine luster. G = 2.19. High-temperature form unstable at room temperature,
inverting slowly to a-sulfur. Point Rincon, Ventura Co., CA, deposited by
gases from shales; Havirna, near Letovice, Czech Republic, in well-developed
crystals; Vulcano, Lipari Is., Italy, in fumaroles. bm DI:lk5, ACB
30:1396(197k), AB1:kk6.

1.3.6.1 Diamond C

Known since antiquity. Polymorphous with graphite, chaoite, and lonsdaleite.
iso FdSm. a = 3.567, Z= 8, D = 3.515. 6-675: 2.06i0 1.263 1.082 0.892i 0.8182.
Structure: Each carbon atom is linked to four neighboring C atoms in a face-
centered cubic unit cell; the close three-dimensional covalent linking complet-
ing the outer electron shell of each atom is manifested in the great hardness of
diamond. Physical properties: Crystals commonly octahedral, also dodecahe-
dral, tetrahedral, and cubic; usually rounded. Spherical aggregates with radial
structure rare; massive, fine-grained (carbonado), rare. Colorless to yellow,
brown, gray; less commonly pink, red, green, blue; sometimes black due to
inclusions; adamantine to greasy luster. Cleavage {111}, perfect but rather
difficult; conchoidal fracture; brittle. Twins {111}, common, often flattened
parallel to the twin plane; tetrahedral crystals twinned on {001}. H = 10,
greater than any other substance; slightly variable with orientation.
G = 3.50-3.53. Some specimens fluorescent and phosphorescent (usually
blue) under UV and X-rays. Triboelectric; some crystals triboluminescent.
Tests: Easily recognized by its hardness and luster. Chemistry: Pure C in



colorless material, but dark varieties yield up to 20% ash, consisting mainly of
Si02, Fe20 3, MgO, A120 3, CaO, T i02. Optics: Isotropic; N = 2.418; disper-sion
strong. Occurrence: Diamond is the product of deep-seated crystallization of
ultrabasic igneous magmas, intruded as dikes or pipes of kimberlite or lamproite.
Erosion of these primary deposits has concentrated diamonds in placers of various
geologic ages; these include stream deposits, wave-concen-trated deposits along
present and ancient shorelines, and old conglomerates. World production of
diamond in 1990 was approximately 100 million carats (equivalent to 20 metric
tons). Most of this was from primary deposits, as follows (in parentheses,
production in 103 carats). Argyle, WA, Australia (34,662); Botswana (17,352);
Yakutia, Russia (15,000); South Africa (8,708); Tanzania (85). Significant
producers from secondary deposits were Zaire (19,427); Brazil (1,500); Angola
(1,300); Namibia (761); Ghana (637); Central African Republic (381); Venezuela
(333); Guinea (135); Liberia (100); Sierra Leone (78). Localities: In addition to
these producing localities, dia-monds have been found in many places throughout
the world. In the United States, alluvial diamonds have been recorded from the
Appalachians in VA, WV, NC, TN, GA, AL, and in the Great Lakes region from
WI, IL, IN; many diamonds have been found in placers in CA. One primary
deposit is the Prairie Creek lamproite pipe near Murfreesboro, Pike Co., AR,
where many thou-sands of stones have been collected, mostly less than 1 carat, but
one weighed 40.2 carats. Small diamonds have been found in kimberlite pipes of
the State Line Group, CO-WY. Numerous Kimberlites, some diamondiferous,
have been found in SK, AB, and NWT, Canada. India was the only source of
diamonds until 1729, when the Brazilian deposits were discovered; three prin-
cipal localities are known, the Golconda region in Mysore and Hyderabad,
Sambalpur, and Wairaarh, near Nagpur, and the Panna district, Central Pro-
vinces. The diamonds are in secondary deposits, and current production is small,
15,000 carats in 1990. There is some production of alluvial diamonds in Borneo,
30,000 carats in 1990. Diamond-bearing deposits have been found in northern
Hunan Prov., Liaoning Prov., and Shandong Prov., China; 1990 production is
estimated at 1 million carats. Microscopic diamonds have been recorded from a
few meteorites. Uses: In 1954 the General Electric Co. suc-ceeded in synthesizing
diamond; since then this material has taken a large share of the market for
abrasives and other nongem uses, bmD 1:146, ABI:131, G&G 28:237(1992).

1.3.6.2 Graphite C

Known since antiquity. Polymorphous with diamond, chaoite, and
lonsdaleite. nex P6s/mmc. a= 2.463, c= 6.714, Z= 4, D = 2.26. 23-64:
3.3610 2.035 1.68g 1.233 1.165 1.122 0.9944 0.829. Structure: Planes of atoms
linked in hexagons, the planes being stacked so that half the atoms in the B
layer are over atoms in the A layer, and the others are over the centers of the
hexagons; the C layer is then exactly over the A layer. A rhombohedral poly-
type has been described in which the C layer is shifted in the same direction as
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B, with the D layer over A. Physical properties: Hexagonal crystals, tabular on
{0001}, also scaly, columnar, radiating, granular, compact, or earthy. Black,
black streak, metallic or earthy luster. Cleavage {0001}, perfect and very
easy; glides readily on {0001}; flexible; inelastic. H= 1, VHNI1I0= 7-11.
G = 2.1-2.2. Conducts electricity. Tests: Insoluble in acids. Distinguished
by color, softness (soapy feel), and black streak. Chemistry: Pure carbon.
Optics: R = 7.4-20.5 (540 nm); strongly pleochroic and anisotropic. Occur-
rence: Formed by metamorphism of sedimentary carbonaceous material, by
the oxidation of hydrocarbons, and by the reduction of CO and C02. Found as
disseminated scales in igneous and metamorphic rocks, and massive in meta-
morphosed coal beds. Major commercial deposits are mined in China, Korea,
Siberia, India, Mexico, Brazil, and Czech Republic; minor deposits in Mada-
gascar, Turkey, Romania, Germany, Austria, and Sri Lanka. Occurs as
nodules in iron meteorites. Localities: Some localities for good specimens are
Ticonderoga, Essex Co., NY; Franklin and Sterling Hill, Sussex Co., NJ;
Crestmore, Riverside Co., CA; Buckingham, PQ, and National mine, Has-
tings Co., ON, Canada; Morodillas mine, SON, Mexico; Egalugssuit and
Disko Is., Greenland; Barrowdale, Cumbria, England; Kongsberg, Norway;
St. Michel and Pargas, Finland; Passau, Bavaria, Germany; Valle Risa-
gliardo, Piedmont, Italy; Nizhni Tunguski, Siberia, and Botogol, East
Sayan, Russia; Arumanaloir, Travancore, India; Sabaragamuwa, Sri Lanka.
bm DI:152, R:38U, P&J:181>, ABI:192.



1.3.6.3 Lonsdaleite C

Named in 1967 for Kathleen Lonsdale (1903-1971), English crystallographer.
Polymorphous with diamond, graphite, and chaoite; lonsdaleite has a hexago-
nal close-packed structure, in contrast to the cubic close-packed structure of
diamond, nex PQ”mmc. a= 252, ¢= 412, Z=4, D = 3.52. 19-268{syn):
2.19i0 2.06i0 1-925 1.503 1.268 1.175 1.085 1.063. Microscopic cubes and cubo-
octahedra, also polycrystalline aggregates, mixed with diamond. Pale yellow to
gray, adamantine luster. H = 3. G > 3.20. N ~ 2.41. Associated with diamond
in the Canyon Diablo, Goalpara, and Allan Hills 77283 meteorites; in diamond-
bearing placers, Yakutia, and in soil at the Tunguska impact site, Russia, bm
NAT 213>:587(1967), AM 52:1579(1967), MZ 7:27(1985), ABI:301.

1.3.6.4 Chaoite C

Named in 1969 for Edward C. T. Chao (b.1919), Chinese-U.S. petrologist.
Polymorphous with diamond, graphite, and lonsdaleite. nhex PQ/mmm.
a= 8.948, c= 14.078, Z= 168, D = 3.43. 22-1069: 4.4710 4.2610 4.128 3.714
3.224 3.036 2.556 2.286. Thin microscopic lamellae, alternating with graphite.
Black. H = 1-2. Occurs in shock-metamorphosed graphite gneisses, and in
ureilite meteorites. Ries Crater, Bavaria, Germany; Goalpur and Dyalpur
meteorites, bm SCI 161:363(1968), AM 57:326(1969), 55:1067(1970), AB1:93.

1.3.7.1 Silicon Si

Identified as a mineral in 1989. iso Fd3m. a= 5431, Z=8, D = 2.33. 27-
1U02(syn): 3.1410 1.926 1.643 1.364 1.25i |.11i 1.05i 0.918i. Microscopic dode-
cahedral and cubo-octahedral crystals. Nuevo Potosi, Cuba, enclosed in gold
grains from an ophiolite complex; Kola Penin., in gneisses from the super-deep
drill hole, and Yakutia, in kimberlites, and Tolbachik, Kamchatka, in volca-
nic exhalations, Russia, bm DANS 309:1182(1989), AM 76:668(1991).

1.3.8.1 Moissanite a-SiC

Named in 1905 for Henri Moissan (1852-1907), French chemist. Carborun-
dum is the synthetic product, widely used as an abrasive, hex P63wic.
a=3.081, c=5.031, Z- 2, D = 3.22 (2H polytype); 5H, 6H, 15R, 33R poly-
types are known; (3-SiC is isometric, a = 4.359. 29-1126(syn): 2.678 2.525
2.36i0 1.832 1.544 1.423 1.312 1.29!. Small hexagonal platy crystals. Colorless
to blue or green, metallic luster. Cleavage {0001}, poor. H = 9~ G = 3.22.
Uniaxial (+).; NO = 2.654, NE= 2.967; weakly pleochroic in blue. Originally
described from the Canyon Diablo meteorite, but probably a contaminant.
Bridger, WY ((3-SiC); Yakutia, Russia, in kimberlite; many localities in allu-
vium in the former USSR, but contamination with carborundum is a possibi-
lity; Fuxian, Liaoning, China, in kimberlite. Recorded as a rare accessory in
lunar samples, om DI:123, NAT 31,6:352(1990), MZ 12(8):17(1990), AM
77:208(1992).
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1.3.9.1 Sinoite Si2N20

Named in 1964 for the composition, ortn Cmc2l. a = 8.843, b= 5.473,
c=4835 Z=4, D= 284 18-1171(syn): 4.68g 4.4410 3.36i0 2.605 2.428
2.388 1.398 1.378. Microscopic plates. Colorless, white streak, vitreous luster.
G = 2.80-2.85. Biaxial (-); Nx= 1.740; Ny,Nz- 1.855; Z=¢; 2V small.
Occurs as an accessory in some enstatite chondrites, bm SCI 176:256(196U),
AM 50:521(1965).

1.3.10.1 Nierite Si3N4

Named in 1995 for Alfred 0. A. Nier (1912-1994), professor of physics, Uni-
versity of Minnesota, a pioneer in mass spectrography. nhex-r P31c. a = 7.758,
c=5.623, Z= 4, D = 3.184. A hexagonal polymorph was also observed. 9-
250{syn): 4.325 3.883 3.37g 2.899 2.608 2.5510 2.326 2.085. Micron-size laths
elongated in the c direction. Colorless. H = 9. Gsyn = 3.17-3.18. Uniaxial
(-); NO =2.03, Ne = 2.02. Occurs in trace amounts in a few chondritic
meteorites, bm Meteoritics 80:887(1995).



Class 2

Sulfides, Including

Selenides and Telluride s

2.1.1.1 Algodonite CubAs

Named in 1857 for the locality, hex PG~mmc. a = 2.600, ¢ —4.228, Z = 2,
D = 8.75. 9-1*29: 2.252 2.114 1.302 1.192 1.112 1.09i 1.06! 0.8372. Massive
granular, or incrustations of minute crystals. Silver-white to steel-gray, tarn-
ishing to dull bronze, metallic luster. No cleavage, conchoidal fracture. H = 4,
VHNI10b = 245-302. G = 8.38. R = 62.8 (540 nm); weakly anisotropic. Occurs
in hydrothermal deposits, intimately associated with other copper arsenides.
Numerous mines in Houghton, Keweenaw, and Baraga Cos., MI; Langban,
Varmland, Sweden; Mechernich and Bruckenberg Shaft, near Zwickau, Ger-
many; Tsumeb, Namibia; Corocoro, Bolivia; Algodones mine, Coquimbo, and
Cerro de los Sequas, Rancagua, Chile, bm DI:171, R:393, P&J:63, ABI:8.

2.1.2.1 Horsfordite CusSb

Named in 1888 for Eben N. Horsford (1818-1893), U.S. chemist. Massive.
Silver-white, easily tarnished, metallic luster. Uneven fracture, brittle. H = 4-
5. G = 8.81. Mytilene, Leshos Is., Greece, bm DI:173, R:399, ABI:221*.

2.1.3.1 Telargpalite (Pd,Ag)3Te

Named in 1974 for the composition, iso Space group unknown, a = 12.60,
Z =16, D = 7.378. 26-U53: 3.054 2.743 2.4210 2.222 2.105 1.82a 1.483 1.342.
Microscopic grains. Light gray, metallic luster. H = 2-2|, VHN10= 62.
R = 50.1 (540 nm). Stillwater Complex, Nye Co., MT; Oktyabr mine, Talnakh
area, Norilsk, and Lukkulaisvaara massif, Karelia, Russia, bm ZVMO
103:595(197'1*), AM 60:1*89(1975), 66:1103(1981), ABI:511*

2.1.4.1 Duranusite As4S

Named in 1973 for the locality, orth Space group unknown, a = 3.576,
b—6.759, c¢= 10.074, Z=2, D = 4.53. 25-11*79: 5.629 5.049 3.027 2.92i0
2.8172.689 1.979 1.799. Microscopic grains and wiry aggregates. Red, metallic
luster. H =2, VHNZ% = 58. R = 30.4-31.5 (540 nm). Mt. Washington Cu
mine, Vancouver lIs.,, BC, Canada; Duranus, Alpes-Maritimes, France, bm
BM 96:131(1973), AM 60:91*5(1975), AB 1:11*1.



2.1.5.1 Bezsmertnovite Au4Cu(Te,Pb)

Named in 1979 for Marianna S. Bezsmertnaya (1915-1991) and Vladimir V.
Bezsmertny (b.1912), Russian geologists, ortn Pmmn. a = 24.215, b = 4.025,
c= 16.245, Z= 16, D = 15.17. U-579: 3.3072.6182.33101.7491.4331.414 1.144
1.074. Microscopic grains. Golden yellow, metallic Iluster. H = 4],
VHN2 = 353. R = 37.5 (540 nm); weakly anisotropic. An undisclosed locality
in Kamchatka, Russia, bm DANS 279:185(1979), AM 66,878(1981), ABI:52.

2.1.6.1 Bilibinskite Au3Cu2PbTe2

Named in 1978 for Yuri A. Bilibin (1901-1952), Russian geologist, iso Space
group unknown, a = 4.095, Z = 0.5, D = 14.27. 29-5UU' 3.29j 3.064 3.00i 2.3710
2.057 1.456 1.23g 1.182. Massive. Rose-brown, brown streak, submetallic lus-
ter. No cleavage. H = 4|, VHN2 = 329-419. G = 12.7. R = 21.5-23.2 (540
nm). Far Eastern region, Russia, and Kazakhstan, in weathering zone of
gold-telluride deposits, bm ZVMO 107:310(1978), AM 67:652(1979), ABI:53.

2.2.1.1 Dyscrasite Ag3Sb

Named in 1832 from the Greek for a bad alloy, ortn Pm2m. a = 2.996,
b= 5235 ¢=4.830, Z= 1, D = 9.76. 10-452: 2.613 2.424 2.2910 1.778 1.513
1.374 1.283 1.262. Usually massive, foliated, or granular; pseudohexagonal
crystals rare, usually poor. Silver-white, tarnishing to lead-gray, metallic lus-
ter. Cleavage {001}, {Oil}, distinct; {110}, imperfect; multiple twinning com-
mon on {110}, forming hexagonal aggregates. H = 3|, VHN10 = 153-179.
G =9.71. R = 60.1-62.7; weakly pleochroic and anisotropic. Decomposed by
HNO03with a white precipitate of Sb20 3. Occurs in a few silver deposits, and
then, often abundant. Poughkeepsie Gulch, Silverton, CO, and Reese River
mining district, NV; Ste.-Marie-aux-Mines, Alsace, France; Hiendelaencina,
Spain; Andreasburg(*), Harz, and Wolfach, Baden, Germany; Pribram(*),
Czech Republic; Kongsberg and Sulitjelma, Norway; Consols mine(*), Broken
Hill, NSW, Australia, in large masses; Chanarcillo, Chile; Colquechaca,
Bolivia, bm DI1:173, R:I>07, P&J:153, AB1:142.

2.2.1.2 Allargentum Agl xSbx(x = 0.09-0.16)

Named in 1949 from the Greek for another and the Latin argentum, silver, hex
P63/mmc. a= 2945, ¢=4.780, Z=2, D = 10.12. 25-54(syn): 2.557 2.407
2.2510 1.744 1.474 1.356 1.255 1.234. Microscopic grains and lamellae, inter-
grown with silver. Silver-white, metallic luster. H = 3|, VHN = 172-203.
Goyn = 10.0. R = 69.5-70.4 (540 nm); weakly anisotropic. Occurs in high-
grade Ag-Sb ores. Many mines in the Cobalt area, ON, Canada; Wasserfall,
Vosges, France; Wenzel mine, Oberwolfach, Baden, and Hartenstein, Saxony,
Germany; Hallefors, Bergslagen, Sweden; Consols mine, Broken Hill, NSW,
Australia, bom FM 28:69(1950), CM 10:163(1970), BM 101:563(1978), ABI:9.



2.2.2.1 Domeykite Cu3As

Named in 1845 for Ignacio Domeyko (1802-1889), Chilean mineralogist, iso
743d. a= 9.62, Z= 16, D = 7.93. 9-333: 3.954 3.054 2.154 2.0510 1.975 1.897
1.315 1.224. Massive, reniform, botryoidal. Tin-white to steel-gray, tarnishing
to orange-brown, metallic luster. No cleavage, uneven fracture. H = 3-3\,
VHNI1 = 213-235. G = 7.2-7.9. R = 51.9 (540 nm). Inverts above 90° to B
domeykite (hex, a = 7.02, ¢ = 7.25). Soluble in HN03. Commonly intergrown
with algodonite or (3-domeykite. Franklin, NJ; Portage Lake, Houghton Co.,
and Mohawk and other mines in Keweenaw Co., MI; Cashin mine, Paradox
Valley, CO; Michipicoten Is., Lake Superior, ON, Canada; near Helstone,
Cornwall, England; Zwickau, Saxony, Germany; near Nachod, Bohemia,
Czech Republic; Talmessi, Iran; Corocoro, Bolivia; Calabazo, Coquimbo,
many other localities in Chile, bm DI:172, EG 66:135(1971), R:393,
P&J:U9, ABI:138.

2.2.2.2 Kutinaite Cu2AgAs

Named in 1970 for Jan Kutina (b.1924), Czech mineralogist, iso Space group
unknown, a = 11.76, Z = 28, D = 8.86. 23-957{syn): 2.709 2.418 2.27i0 2.0810
1.996 1.967 1.787 1.396. Microscopic grains. Silver-white, metallic luster.
H=4j, VHN®S = 237-270. G=8.38. R = 42.6 (540 nm). Associated with
other arsenides from Cerny Dul, Czech Republic; Wasserfall, VVosges, France;
Niederbeerbach, Odenwald, Germany; Meskani mine, Anarak district, Iran.
BM AM 55:1083(1970), R:398, P&J:230, TMPM 37:167(1985).

2.2.2.3 Dienerite Ni3As

Named in 1921 for Karl Diener (1862-1928), Austrian paleontologist, who
discovered the mineral, iso A single cubic crystal, about 5 mm. White, with
a gray tinge, metallic luster. Near Radstadt, Salzburg, Austria, bm DI:175,
ABI1:133.

2.2.3.1 Bogdanovite (Au,Te,Pb)3(Cu,Fe)

Named in 1979 for Aleksei A. Bogdanov (1907-1971), Russian geologist, iso
(pseudocubic; optics show probable orch symmetry) PmSm. a = 4.088, Z = 1,
D = 13.72. 3U-1302: 2.36102.154 2.056 1.456 1.238 1.183 1.093 0.9922. Massive.
Rose-brown to bronze brown, tarnishing to blue-black, semimetallic luster.
No cleavage. H = 4|, VHN2 = 235-270. R = 5.6-29.5 (540 nm); anisotropic,
yellow to gold to purple. Cu and Fe vary reciprocally from Cu34Fe(3 to
CuQ7Fe27. Bisbee, AZ; Dalnii Vostok, Kazakhstan, and Ago Kamchatka, Rus-
sia, in oxidation zone of Au-Te deposits, bm AM 67:1329(1979), ABI1:58, CM
28:751(1990).

2.2.4.1 Atheneite (Pd,Hg)3As

Named in 1974 for the Greek goddess Pallas Athene, in reference to the Pd
content, nhex P6/mmm. a= 6.798, c = 3.483, Z= 2, D = 10.16. 26-889: 2.4210



2.259 2.226 1.87? 1.37g 1.308 1.268 1.037. Irregular alluvial grains. Cream-
yellow, metallic luster. H =5 VHN100 = 419-442. G = 10.2. R = 54.0-56.7
(540 nm); weakly pleochroic, distinctly anisotropic. Near Zlatoust, Ural
Mts., Russia; Merensky Reef, Transvaal, South Africa; Itabira, MG, Brazil,
in gold washings, bm MM 39:528(197k), AM 59:1330(197k), ABI:31>.

2.2.5.1 Vincentite (Pd,Pt)3(As,Sb,Te)

Named in 1974 for Ewart A. Vincent (b.1919), professor of mineralogy,
Oxford University, tet 74. a= 9.974, c= 4.822, Z= 8, D = 11.27. 26-1k52:
4.1810 3.95i0 3.2410 2.75i0 2.0010 1.7510 0.94410. Microscopic grains. Brown-
gray, metallic luster. H = 6, VHN15= 494. R = 51.8-52.8 (546 nm); weakly
anisotropic. Talnakh, Norilsk, Russia; Riam Kanan R., Borneo, in Pt-Au
alluvial concentrates, bom MM 39:525(1971\), AM 59:1332(1971\).

2.2.6.1 Keithconnite Pd3 xTe (x = 0.14-0.43)

Named in 1979 for Keith Conn (b.1923), U.S. geologist who investigated the
Stillwater Complex, nex-r RS. a= 1145, ¢= 1140, Z=7, D = 10.16. 3k-
Ik61: 2.2610 2.222 2.169 1.402 1.372 1.32a 1.272 0.7914. Microscopic grains.
Cream to gray, metallic luster, H = 4°-5, VHN15 = 394-424. R = 44.4-44.9
(540 nm); moderately to strongly anisotropic. Stillwater Complex, MT, in
heavy-mineral concentrates; Shinkolobwe, Shaba, Zaire, bom CM 17:589
(1979), AM 66:1275(1981), AB1:259.

2.3.1.1 Koutekite CubAs2

Named in 1958 for Jaromir Koutek (1902-1983), Czech mineralogist, nex
P63mmc. a= 1151, c= 1454, Z= 18, D = 8.38. 29-53k(syn): 2.45g 2.165
2.0910 2.0210 2.0010 1.794 1.754 1.154. Microscopic grains. Blue-gray, metallic
luster. H =3+, VHNXS= 136-157. G=8.48. R = 39.7-43.1 (540 nm);
strongly anisotropic. Occurs in arsenical copper deposits. Mohawk, Keweenaw
Co., MI; Daluis, Vallee du Var, and Wasserfall, VVosges, France; Cerny Dul,
Czech Republic; Talmessi and Meskani deposits, Anarak district, Iran, om
NAT 181:1553(1958), R:399; P&J:227, ABI:27k, AM 78:677(1993).

2.3.2.1 Orcelite Ni5 xAs2(x = 0.23)

Named in 1959 for Jean Orcel (1896-1978), French mineralogist, nex P63cm.
a=6.70, c= 1239, Z=6, D = 8.11. 35-U93: 3.252 3.092 2.954 2.146 1.99i0
1.9310 1.766 1.642. Microscopic grains. Yellow-white, metallic luster.
G=1725. R=49.1 (540 nm); weakly pleochroic, noticeably anisotropic.
Occurs as inclusions in pentlandite in ultramafic rocks. Nipissing mine,
Cobalt, ON, and Table Mt.,, NF, Canada; Ronda massif, Malaga, Spain;
Vourinos, Greece; Zolotaya Gora, Ural Mts., Russia; Beni Bousera, Morocco;
Tiebaghi massif, New Caledonia, om AM k5:753(1960), BM 103:198(1980),
CM 22:553(198k), AB1:363.



2.3.3.1 Stibiopalladinite Pd5Sb2

Named in 1929 for the composition, hex P6s/cm. a = 7.606, ¢ = 14.21, Z= 6,
D = 10.85. 25-597: 3.35s 2.845 2.485 2.27i0 2.1910 2.025 1.586 1.285. Massive
and as minute grains. Silver-white to steel-gray, metallic luster. No cleavage,
uneven fracture. H = 6, VHNioo = 610. G= 9.5. R = 52.5-54.2 (540 nm);
weakly pleochroic, distinctly anisotropic. Occurs in platinum deposits. Good-
news Bay, AK; Lac des lies Complex, ON, Canada; Morozova mine, Norilsk,
and near Zlatoust, Ural Mts., Russia; Pirogues R., New Caledonia; Farm
Tweefontein, near Potgieterstust, Transvaal, South Africa, om DI:175, AM
61:1249(1976), R:414, P&J:354, ABI:497.

2.3.3.2 Palarstanide Pd5(Sn,As)2

Named in 1981 for the composition, nex P632. a = 6.784, ¢ = 14.80, Z —H6,
D = 10.27. 17-223(syn): 2.364 2.334 2.262 2.2010 2.118 1.973 1.953 1.523. Hex-
agonal prisms and rounded grains. Steel-gray, metallic luster. Cleavage
{0001}, perfect. H = 5, VHN = 470. R = 53.2-54.5 (540 nm); weakly aniso-
tropic in gray. Talnakh, Norilsk, Russia, bom ZVMO 110:487(1981); AM
67:858(1982), 74:1219(1989); ABI:375.

2.3.4.1 Parkerite Ni3Bi2S2

Named in 1937 for Robert L. Parker (1893-1973), professor of mineralogy,
ETH, Zurich, Switzerland, mon C2/m. a= 11.066, b= 8.085 c= 7.965,
P=134.0°, Z=8, D = 8.53. 26-1283(syn): 5.732 4.043 3.983 2.867 2.8410
2.346 2.282 1.993. Microscopic grains and irregular masses. Bronze, black
streak, metallic luster. Cleavage {001}, perfect; lamellar twinning on {111}.
H=3 VHNL= 125. G = 84. R = 45.8-50.5 (540 nm); strongly anisotropic,
green-gray to yellow brown. Gaspe Cu mine, PQ, and Sudbury and Cobalt-
Gowganda, ON, Canada; Zinkwand mine, Styria, Austria; Karik’yavr and the
Allarechensk region, Kola Penin., and Norilsk area, Ural Mts., Russia; Rakha
deposit, Bihar, India; Waterfall Gorge, Insizwa, South Africa, bom AM
28:343(1943), 59:296(1974); R:404; P&J:289; ABP.3809.

2.3.5.1 Shandite Pb2Ni3S2

Named in 1950 for Samuel J. Shand (1882-1957), professor of petrology,
Columbia University, nex-r R3m. a —5.576, b= 13.658, Z= 3, D = 8.87.
26-494: 4.552 3.947 2.7910 2.287 1.974 1.762 1.612 1.392. Microscopic grains.
Tin-white, metallic luster. Rhombohedral cleavage. H = 4. G = 8.72. Jeffrey
mine, Asbestos, PQ, Canada; Isua belt, Godthab region, Greenland, in ser-
pentine; Trial Harbour, TAS, in serpentine, and Nullagine, WA, Australia.
bm AM 35:425(1950), 59:296(1974); R:405; AB1:473.

2.3.5.2 Rhodplumsite Pb2Rh3S2

Named in 1983 for the composition, hex-r RSm. a= 5.73, ¢ = 14.00, Z= 3,
D = 9.85. 35-720: 4.642 4.023 2.8610 2.443 2.336 2.016 1.81a 1.222. Microscopic



grains. Gray, metallic luster. Strongly anisotropic. Umutnaya R., Ural Mts.,
Russia, in Pt placer, bom MZ 5:87(1983), MA 35:88(198k), ABI:kKl.

2.3.6.1 Vozhminite (Ni,Co)4(As,Sbh)S2

Named in 1982 for the locality, nex Space group unknown, o = 17.46, ¢ = 7.20,
Z =18, D = 6.20. 35-667:8.7103.0792.726 2.307 2.119 1.945 1.825 1.7810. Prob-
ably massive. Yellow-brown, black streak, metallic luster. One distinct clea-
vage. H=4-5, VHNID= 376-480. R = 47.5-50.9 (540 nm). Vozhmin
serpentinite, Karelia, Russia, bm ZVMO 111:780(1982), AM 68:675(1983),
ABI:562.

2.4.1.1 Acanthite Ag2S

Named in 1855 from the Greek for thorn, referring to the shape of the crystals.
Much acanthite is paramorphic after the isometric phase argentite stable only
above 177°. mon P2Uw a= 4229, b= 6.931, c= 7.862, 3= 99.61°, Z= 4,
D = 7.24. U-72(syn): 3.0862.847 2.6110 2.587 2.467 2.448 2.426 2.38g. Pseudo-
cubic or pseudo-octahedral crystals up to 8 cm, also massive. Black, black
streak, metallic luster. Indistinct cleavage, subconchoidal fracture, very sec-
tile. H = 2-21, VHN® = 21-25. G = 7.2-7.4. R - 31.2 (540 nm); weakly ani-
sotropic. Occurs worldwide in silver ores. The following localities have
provided fine specimens: Butte, MT; Comstock Lode, Virginia City, and
Tonopah, NV; Cobalt, ON, Highland Bell mine, BC, and El Bonanza mine,
near Port Radium, NWT, Canada; Santa Eulalia and Batopilas, CHIH,
Arizpe, SON, Zacatecas, ZAC; and Guanajuato, GTO, Mexico; Liskeard,
Cornwall, England; Kongsberg, Norway; Andreasberg, Harz, and Freiberg,
Saxony, Germany; Jachymov, Czech Republic; Sarrabus, Sardinia, Italy; Bro-
ken Hill, NSW, Australia; Chanarcillo, Atacama, Chile; Colquechaca, Bolivia.
bm DI.176, 191; CM 12:365(197%); R:k71; P&J:72; ABI:1.

2.4.1.2 Naumannite Ag2Se

Named in 1845 for Karl F. Naumann (1797-1873), German mineralogist.
ORTH P212121 a= 4333, b=7.062, c¢- 7764, Z=4, D= 7.87. 2k-
I0kI(syn): 2.742 2.6710 2.589 2.433 2.253 2.123 2.084 2.013. Pseudocubic crys-
tals, also massive and in thin plates. Black, metallic luster. Cleavage {001},
perfect; sectile and malleable. H =2\, VHNX= 33-84. G= 7.4-7.8.
R = 35.7-37.3 (540 nm); distinctly anisotropic. Widely distributed in seleni-
ferous silver ores. Silver City district, Owyhee Co., ID, L-D mine, Wenatchee,
WA; Kidd Creek mine, near Timmins, ON, Canada; Tilkerode and Andreas-
berg, Harz Mts., Germany; Kongsberg, Norway; Sacaramb, Romania: Sanru
mine, Hokkaido, Japan; Colquechaca, Bolivia; Cachueta, Mendoza, Argen-
tina. bom DL179, CMI2:365(197k), R:k78, P&J:277, ABI:3Kk5.

2.4.1.3 Aguilarite Ag4SeS

Named in 1891 for Ponciano Aguilar (1853-1935), superintendent of the San
Carlos mine, Guanajuato, where the mineral was first found, ortn P212121



a=433, 6- 7.09 c=776, Z=2, D = 7.56. 27-020: 2.885 2.672 2.592 2.4310
2.233 1.733 1.602 1.484. Skeletal pseudododecahedral crystals, also massive.
Black, metallic luster. No cleavage, hackly fracture, sectile. H = 2|,
VHNZX = 23. G = 7.40-7.53. R = 31.9 (540 nm); very weakly anisotropic. A
relatively low-temperature mineral in silver deposits rich in selenium. Silver
City, Owyhee Co., ID, Comstock Lode, Virginia City, NV, L-D mine,
Wenatchee, WA; San Carlos mine(*) and other mines, GTO, Mexico; Sanru
mine, Hokkaido, Japan; Maritoto mine, near Paeroa, New Zealand, bm
DI1:178, CM 12:365(197)+), P&J:60, ABI:2.

2.4.2.1 Hessite AgZle

Named in 1843 for Henri Hess (1802-1850), Swiss-Russian chemist of St.
Petersburg, mon P2i/n. a=8.13, b= 448, c=8.09, P= 1129° Z=4,
D = 8.40. 12-695: 4.53i 3.192 3.016 2.878 2.31i0 2.257 2.202 2.146. Pseudo-
cubic crystals up to 1.7 cm, also massive. Steel-gray to lead gray, metallic
luster. Cleavage {001}, indistinct; even fracture; somewhat sectile. H = 2-3,
VHNI1o = 22-24. G = 7.9-8.4. R = 38.4-41.1 (540 nm); distinctly anisotropic,
dark orange to dark blue. Widely distributed in Te-rich Ag-Au ores. Mines in
Boulder, Eagle, and San Juan Cos., CO; Bisbee and Tombstone, Cochise Co.,
AZ; Calaveras, Tuolumne, and Nevada Cos., CA; numerous localities in ON,
PQ, and BC, Canada; San Sebastian, JAL, Mexico; Loch Duich, near Kyle of
Lochalsh, Scotland; Sacaramb, Baita, and Botes Romania; Savodinsk’ mine,
Altai Mts., Russia; Chugu mine, Ishikawa Pref., Japan; Kalgoorlie and Norse-
man, WA, Australia; Condorriaco mine, near Coquimbo, Chile, bm DI:181+,
AM 33+:3342(19349), R:J+21, P&J:199, ABI:216.

2.4.2.2 Cervelleite Ag4TeS

Named in 1989 for Bernard Cervelle (b.1940), French mineralogist, iso Space
group unknown, a = 14.03, Z= 24, D = 8.53. EM 1: 6.298 5.742 5.0010 4.644
4299 3.776 2.602 2.452. Microscopic grains. Black, metallic luster.
VHNID= 26. R = 34.7-38.3 (540 nm). La Bambolla (Mina Moctezuma)
mine, Moctezuma, SON, Mexico, rimming acanthite; Chadak, Uzbekistan.
BM EM 1:375(1989), AM 75:11+31(1990).

2.4.3.1 Uytenbogaardtite Ag3AuS2

Named in 1978 for Willem Uytenbogaardt (b.1918), Dutch mineralogist, tet
P4422.a= 9.75 b= 9.85 Z= 8, D = 8.30. 33-587(syn): 6.9884.3863.0962.816
2.7310 2.619 2.128 1.995. Microscopic grains. Gray-white, metallic luster.
H =2 VHNI15 = 20. R = 30.3-34.6 (546 nm); distinctly pleochroic and aniso-
tropic. Occurs in hydrothermal Au-Ag quartz veins, with acanthite. New
Bullfrog mine, Nye Co., and Comstock Lode, Virginia City, NV; Smeino-
gorski, Altai Mts., Russia; Cerotan, Java, and Tambang Sawah, Benkoelen
district, Indonesia, bom CM 16:651(1978), AM 65:209(1980), AB1:552.



2.4.3.2 Fischesserite Ag3AuSe2

Named in 1971 for Raymond Fischesser (1911-1991), French mineralogist, iso
74132, a= 9.967, Z= 8, D = 9.10. 25-367: 7.086 2.66i0 2.238 2.048 1.956 1.82¢
1.336 1.277. Microscopic grains. Gray-white, metallic luster. H = 2,
VHNI0 = 47-55. R = 29.7 (540 nm); light pink in reflected light. De Lamar
mine, Owyhee Co., ID; Kidd Creek mine, near Timmins, ON, Canada; Hope’s
Nose, Torquay, England; Predborice, Czech Republic, in calcite vein; Flamenco,
Atacama, Chile,bm BM 91+:381(1971), AM 57:1551+(1972), P&J-.163, ABI:157.

2.4.3.3 Petzite Ag3AuTe2

Named in 1845 for W. Petz, who first described the mineral, iso 74132.
a= 1038, Z=8, D = 9.22. 121+21+- 7.315 3.663 2.7710 2.446 2.326 2.128 2.037
1.895. Massive, fine granular to compact. Steel-gray to iron-black, often tar-
nished, metallic luster. Cleavage {001}, subconchoidal fracture, slightly sectile
to brittle. H = 2|-3, VHN10= 48. G = 8.7-9.1. R = 38.2 (540 nm); anisotro-
pic in part. Widely distributed in Te-rich Ag-Au deposits. Mines in Boulder,
Hinsdale, and Lake Cos., CO; Tuolumne and Calaveras Cos., CA; many
localities in PQ and ON, Canada; Botes, Sacaramb, and Baia Sprie, Romania;
Zhanatyube deposit, Kazakhstan; Kalgoorlie, WA, Australia; Emperor mine,
Vatukoula, Fiji, bm DI:186, AM 31+:350(191+9), R:+21+ P&J:298, AB 1:1+02.

2.4.4.1 Jalpaite Ag3CuS2

Named in 1858 for the locality, tet 1/amd: a= 8.673, c= 11.756, Z —8,
D = 6.78. 12-207(syn): 6.934 4.326 2.8010 2.75i0 2.486 2.4310 2.35i0 2.126.
Massive, granular. Lead-gray, tarnishing to black, metallic luster. Cleavage
prismatic, good; sectile and malleable. H = 2-2\, VHN2% = 29. G = 6.7-6.8.
R = 30.7-33.3 (540 nm); distinctly pleochroic and anisotropic. A low-tempera-
ture mineral in Ag deposits. Mines in Clear Creek, Mineral, Park, and Boulder
Cos., CO; Mogollon, Catron Co., NM; Bisbee, AZ; Jalpa, ZAC, Queretaro,
QRO, and La Mesa, CHIH, Mexico; Kongsberg, Norway; Bohutin, near Pri-
bram, Czech Republic; Savodinski mine, Altai Mts., Russia; Sado mine, Nii-
gata Pref., Japan; Broken Hill, NSW, Australia, om AM 53:1530(1968),
R:1+86, P&J:216, AB 1:21+6.

2.4.5.1 Mckinstryite (Ag,Cu)2S

Named in 1966 for Hugh E. McKinstry (1896-1961), U.S. economic geologist.
orth Pnam. a = 14.043, b= 15.677,c= 7.803, Z= 32, D = 6.57.19-1+06: 3.516
3.066 2.8662.611) 2.574 2.414 2.077 1.95s. Granular aggregates of microscopic
crystals. Steel-gray, tarnishing to black, dark steel-gray streak, metallic lus-
ter. One poor cleavage, subconchoidal fracture. VHNZ2 = 43-45. G = 6.61.
R = 24.0-27.9 (540 nm); strongly anisotropic, light tan to gray. A low-
temperature mineral in Ag deposits. Colorado Central mine, near George-
town, and Bulldog Mt. mine, near Creede, CO; Mogollon, Catron Co., NM;
Foster mine, Cobalt, ON, and Echo Bay mine, Great Bear Lake, NWT,



Canada; Jalpa, ZAC, Mexico; Godejord, Grong dist., Norway; Pribram, Czech
Republic; Sedmochislenitsi mine, Vratsa district, Bulgaria; Tort Kudak
deposit, Kazakhstan; Sado mine, Niigata Pref., Japan; Broken Hill, NSW,
Australia, om EG 61:1383(1966), AM 53:1530(1968), R:m, P&J:263,
ABL320.

2.4.6.1 Stromeyerite AgCuS

Named in 1832 for Friedrich Stromeyer (1766-1835), German chemist, who
first analyzed the mineral, ortn Cmcm. a = 4.06, b—6.66, c= 7.99, Z = 4,
D = 6.26. 9-U99-. 3.467 3.338 3.076 2.61i0 2.556 2.078 1.997 1.896. Pseudohexa-
gonal prismatic crystals, also massive. Steel-gray, bluish tarnish, dark steel-
gray streak, metallic luster. No cleavage, conchoidal fracture, brittle. H = 2 |-
3, VHNZX% = 70-72. G = 6.2-6.3. R = 27.7-31.0 (540 nm); strongly anisotro-
pic, blue to violet. An accessory mineral in Ag-Cu deposits. Many mines in
CO; Butte, MT; Silver King and Magma mines, Superior, AZ; Cobalt-Gow-
ganda district, ON, and Silver King mine, near Nelson, BC, Canada; Pribram,
Czech Republic; Rudelstadt and Kupferberg, Silesia, Poland; Godejord,
Grong Dist., Norway; Agdarinsk deposit, Azerbaijan; Smeinogorski, Altai
Mts., Russia; Mt Lyell, TAS, and Broken Hill, NSW, Australia; Tsumeb,
Namibia, bm DI1:190, EG 61:1(1966), R.%81, P&J:355, AB1:502.

2.4.6.2 Eucairite AgCuSe

Named in 1818 from the Greek for opportunity, because it was discovered
shortly after the discovery of selenium, ortn Pmmn. a = 4.105, b —4.070,
c= 6.310, Z= 2, D = 7.89. 25-1180: 3.423 3.168 2.895 2.63e 2.4910 2.053 2.043
1.583. Massive, granular. Silver-white to lead-gray, metallic luster. No clea-
vage, somewhat sectile. H = 2|, VHNX = 27-31. G= 7.6-7.8. R = 37.1-37.2
(540 nm); strongly anisotropic. Widely distributed in Cu-Se deposits. Cougar
mine, San Miguel Co., CO; Kidd Creek mine, near Timmins, ON, and Martin
Lake mine, near Lake Athabasca, SK, Canada; Hope’s Nose, Torquay, Eng-
land; Skrikerum, near Kalmar, Sweden; Lerbach, Harz Mts., Germany; Jachy-
mov, Czech Republic; Kletno, Poland; Kalgoorlie, WA, Australia; Aguas
Blancas, Copiapo, Chile; Sierra de Umango, La Rioja Prov., Argentina, bm
DI:183, AM 35:337(1950), R:m, P&J:158, ABI:152.

Chalcocite Group

Copper and sulfur combine according to thei formula
Cu2 xS

where 0 < x < 0.6 to give seven separately named minerals. Chalcocite, Cu2S
appears in two polymorphs. One polymorph is based on a hexagonal close-
packed framework of sulfur atoms containing a complex arrangement of cop-
per atoms, mostly in triangular coordination but some in a tetrahedral coor-
dination. Above 103°, chalcocite appears as a hexagonal polymorph, P6/mmc,



6 2471 Chalcocite

and the lower-temperature polymorph has been characterized in the lower-
symmetry space group P2i/c.

Copper Sulfides

Space

Mineral Fomula Group  a b c @ Z

Chalcocite ~ Cu2S P2dc 15.235 11.885 13.496 116.26 48 2.4.7.1
Chalcocite*  Cu2s P6/mmc  3.95 6.75 2 2471
Djurleite CuiorS P2IXC 26.896 15.745 13.565 90.13 128 2.4.7.2
Digenite cuisos FM3m 557 4 2473
Roxbyite culss C2/Im 53.79  30.90 13.36  90.0 64 2.4.7.4
Anilite cur7s5s  Pnma 7.89 7.84 1101 16 2.4.7.5
Geerite cuisos F43m 5.410 4 2476
Spionkopite CUj40S  P3tol 22.962 41.429 504 2.4.7.7

*High-temperature polymorph.

Note: See also pyrrhotite (2.8.10.1), which is commonly Fe7S8 and which is also based on close-
packed sulfur atoms with Fe in octahedral coordination. See also the nickeline group.
Pyrrhotite is a nickeline structure but with ordered vacant sites.

2.4.7.1 Chalcocite Cu2S

Named in 1832 from the Greek for copper. Chalcocite group, mon P2\/c
a—15.235, &= 11.885, c= 13.496, (3= 116.26°, Z= 48, D = 5.79; above
103° inverts to a hexagonal polymorph, P6/mmc; a= 3.95, b= 6.75, Z = 2,
D = 5.80. ZK 150:299(1979). 33-U90: 3.284 2.734 2.415 2.407 2.3332.214 1.977
1.8810. Crystals rare, pseudohexagonal tabular or prismatic; usually massive,
compact, sometimes with a sooty coating. Structure: Based on a hexagonal
close-packed sulfur framework containing a complex arrangement of Cu



atoms, mostly in triangular coordination, some in tetrahedral coordination.
Physical properties: Black, dark gray to black streak, submetallic luster. Clea-
vage {110}, indistinct; conchoidal fracture; brittle to somewhat sectile.
H=2i-3, VHNID= 84-87. G=55-58. R=2318 (540 nm); weakly
anisotropic. Tests: Soluble in HN03. Easily reduced to metallic copper. Occur-
rence: A common and widely distributed ore mineral of copper. The principal
occurrence is in the supergene-enriched zone of sulfide deposits. Oxidizing
surface waters attack the primary sulfides, such as chalcopyrite, forming
soluble sulfates, which react with the primary sulfides at greater depth to
precipitate chalcocite, forming a blanketlike deposit at the water-table level.
This contains a considerably greater content of copper than the primary ore,
and it has yielded important amounts of copper at Bingham Canyon, UT,
Morenci, AZ, Ely, NV, Rio Tinto, Spain, and several other localities. Chal-
cocite also occurs in hydrothermal sulfide veins with bornite, enargite, chal-
copyrite, and pyrite, as at Butte, MT. Localities: The following localities are
known for fine specimens. Bristol, CT; Flambeau mine, Rush Co., WI; Butte,
MT; Bisbee and Miami, AZ; Kennecott, Copper R., AK; St. Just and
Redruth, Cornwall, England; Jachymov, Czech Republic; Dognacska, Roma-
nia; Bogolovsk, Ural Mts., Russia; Dzhezkazgan, Kazakhstan; Mindouli,
Congo Republic; Khan mine, near Arandis, and Tsumeb, Namibia; Messina,
Transvaal, and Nababiep West mine, Cape Proviice, South Africa. Uses: An
important ore of copper,om DI:187, EG 61:1(1966}R:kk| yP&J:116, ABI:88.

2.4.7.2 Djurleite Cul97S

Named in 1962 for Seved Djurle (b.1928), Swedish chemist, who first synthe-
sized the compound. Chalcocite group, mon P21 c a = 26.896, 6= 15.745,
c= 13565, (3= 90.13°, Z= 128, D = 5.77. S4-660(syn): 3.762 3.192 3.042
2.652 2.4222.399 1.9610 1.8710. Hexagonal and tabular crystals, usually mas
sive, compact. Black, black streak, submetallic luster. No cleavage, twinning
common on {110}, conchoidal fracture. H = 2|-3, VHNI1D0 = 65-85. G = 5.7.
R = 29.6-30.2 (540 nm); weakly anisotropic. A widely distributed ore mineral
of copper; present in many of the large porphyry copper deposits of the
western United States, as in Butte, MT; Bisbee and Globe-Miami, AZ; as
crystals up to 1 cm at the benitoite mine, San Benito Co., CA; Barranca de
Cobre and Salvadora mine, CHIH, Mexico; Wheal Owles, Cornwall, and
Seathwaite Tarn, Cumbria, England; Bandaksli, Norway; Osarizawa and
Kawazu mines, Honshu, Japan; Bagacay, Samar lIs., Philippines; Mt. Gunson
mine, SA, Australia; Tsumeb, Namibia. Often confused with chalcocite, with
which it is closely associated, bm AM k7:1181(1962), R:hkl, P&J:116,
ABI1:137.

2.4.7.3 Digenite CutsoS

Named in 1844 from the Greek for two kinds, referring to the presumed pre-
sence of both cuprous and cupric copper. Chalcocite group. Contains about
1% Fe, which may be an essential component, iso (> 75°) FmZm. a = 5.57,



48 2.47.4 Roxbyite

Z —4, D = 5.63. 23-692(syn): 3.214 3.01i 2.7852.14! 1.9710 1.75! 1.682 1.39i.
Octahedral crystals rare, usually massive. Blue to black, black streak, sub-
metallic luster. Cleavage {111}, fracture conchoidal, brittle. H = 2|-3,
VHNioo = 86-106. G = 5.5-5.7. R = 21.6 (540 nm); distinctly blue in polished
section. Widely distributed in copper deposits. Butte(*), MT; Bisbee, Jerome,
and Superior, AZ; Kennecott, AK; Cananea, SON, Mexico; Botallack mine,
Cornwall, England; Sangerhausen, Thuringia, Germany; Tsumeb, Namibia, bm
DI1:180, AM 56:1889(1971), R:U1, P&J:147, ABI:134.

2.4.7.4 Roxbyite Cu478S

Named in 1988 for the locality. Chalcocite group, mon C2/m. a = 53.79,
b= 30.90, c= 13.36, 3= 90.0°, Z- 64, D = 5.56. 23-958(syn): 3.356 3.005
2.868 2.637 2.379 1.94i0 1.869 1.684. Microscopic crystals and powdery aggre-
gates. Blue-black. Cleavage {100}, poor. H = 2\, VHN® = 83. R = 24.5-29.8
(546 nm); anisotropism very weak. Roxby Downs, SA, Australia; El Teniente
mine, Chile, bom MM 52:323(1988), AB1:448.

2.4.7.5 Anilite Cul75S

Named in 1969 for the locality. Chalcocite group, ortn Pnma. a= 7.89,
b=7.84, c= 1101, Z= 16, D = 5.68. 24-58: 3.35s 3.334 2.786 2.704 2.693
2.545 2.174 1.96]0. Prismatic or platy crystals, up to 5 mm. Blue-gray, black
streak, metallic luster. H = 3. Yarrow Creek, AB, Canada; Neudorf, Harz,
Germany; Lubin mine, Silesia, Poland; Bor, Serbia; Ani mine, Akita, Japan;
Wallaroo, SA, Australia; Estrella mine, Atacama, Chile, om AM
54:1256(1969), R:441, ABI:14.

Sulfur atoms are in approximately body-centered cubic arrangement, with copper 3- and 4-coordinated.
Not closely related to the ideal chalcocite (CuS) structure, in which S is HCP.



2.4.7.6 Geerite Cul60S

Named in 1980 for Adam Geer (1895-1973), of Utica, NY, who collected the
mineral. Chalcocite group, iso FAZm. a= 5410, Z—4, D = 5.61. 33-1*91:
3.13i0 2.71i 1.9251.87i 1.68! 1.643 1.25! 1.112. Microscopic platelets. Black,
metallic luster. H =3, VHNX% = 75-96. Moderately anisotropic. DeKalb
Twp., St. Lawrence Co., NY; Cuchillo, Sierra Co., NM; Grube Clara, Black
Forest, Germany; near Eretria, Othris Mts., Greece, bom CM 18:519(1980),
NIJMM:1*89(1981), ABI:175.

2.4.7.7 Spionkopite Cul40S

Named in 1980 for the locality. Chalcocite group, hex-r Space group uncer-
tain, probably PZml. a= 22.962, c¢= 41.429, Z= 504, D = 5.13. 36-380:
3.282 3.089 2.783 2.392 2.303 1.9lio 1823 1.622. Black, metallic luster.
H =2\, VHNiO= 120-162. R = 19.0-27.4 (540 nm); pleochroic in blue to
blue-white [like yarrowite, formerly called “blaubleibender Covellit” (blue-
remaining covellite) for this reason]. In a red-bed copper deposit at Spionkop
Creek, AB, Canada; DeKalb Twp., NY; Bisbee, AZ; Schulenberg, Harz,
Germany; near Eretria, Othris Mts., Greece, bm CM 18:511(1980), R:676,
AB 1:1*89.

2.4.8.1 Weissite Cu2 xTe

Named in 1927 for Louis Weiss, owner of the Good Hope mine, hex P3wl.
a= 8342, c= 2169, Z= 24, D = 6.44. 10-1*21(syn): 3.617 3.246 2.553 2.17s
2.09i0 2.017 1.8 1.453. Dark blue-black, tarnishing to deep black, black
streak, metallic luster. H =3, VHNID= 145-158. G= 6. R = 33.7-34.9
(540 nm); distinctly pleochroic and anisotropic. Occurs in hydrothermal
veins with other tellurides. Good Hope and Mammoth Chimney mines, Vulcan,
Gunnison Co., CO; near Winston, Sierra Co., NM; Teine mine, Hokkaido, and
Kawazu, Honshu, Japan; Kalgoorlie, WA, Australia, bm DI:199, R:I*19,
P&J-.388, ABI:573.

2.4.9.1 Bellidoite Cu2Se

Named in 1975 for Eleodoro Bellido Bravo (1918-1992), director of Servicio
de Geologia y Mineria, Peru. Dimorphous with berzelianite. tet P42/ w
a= 1152, ¢= 11.74, Z= 32, D = 7.03. 29-575: 6.83 3.5i 3.388 2.32i 2.265
2.06i0 1.76? 1.52i. Microscopic anhedral grains. Silver-white, metallic luster.
H=1i-2, VHNi®= 33-41. R = 28.5 (589 nm); very weakly anisotropic.
Occurs with other selenides in calcite at Habri, near Tisnov, Moravia, Czech
Republic, bm EG 70:381*(1975), R:I*68, AB 1:1*3,

2.4.10.1 Berzelianite Cu2Se

Named in 1850 for Jons J. Berzelius (1779-1848), Swedish chemist. Dimor-
phous with bellidoite. iso PmZm. a = 5.739, Z= 4, D = 6.90. 6-680: 3.33g
2.03i0 1.73g 1.433 1.322 1.174 1.Oli. Fine-grained powdery and as dendritic



crusts. Lead-gray, black streak, metallic luster. No cleavage, uneven fracture,
brittle. H =2, VHNI10 -21-24. G= 6.71. R -25.8 (540 nm). Occurs with
other selenides in hydrothermal veins. Aurora, Mineral Co., NV; Pinky Fault
uranium deposit, Lake Athabaska, SK, Canada; Skrikerum, near Tryserum,
Kalmar, Sweden; Lerbach, Tilkerode, Zorge, and Clausthal, Harz, Germany;
Habri, near Tisnov, Moravia, Czech Republic; Kalgoorlie, WA, and EI Shar-
ana, NT, Australia; Sierra de Umango, La Rioja, Argentina, bm DI:182,
AM:351(1950), R:I*67, P&J:88, ABI:50.

2.4.11.1 Cuprostibite Cu2(Sb,TI)

Named in 1969 for the composition, tet PA/nmm. a = 3.990, ¢ = 6.09, Z = 2,
D = 8.42. 22-601: 3.3322.8242.5652.07i0 1.994 1.672 1.423 1.174. Fine-grained
aggregates. Steel-gray with violet-red tint on fresh fractures, metallic luster.
Cleavage in one direction, uneven fracture. H =4, VHNX = 216-249.
R = 38.7-45.5 (540 nm); strongly pleochroic and anisotropic. Franklin, NJ;
Mt. Nakalak, near Narssaq, Greenland, in vein in sodalite syenite; Langban
and Langsjon, Sweden, in mineralized dolomite; Zolotaya Gora, Urals, Russia.
bm AM 55:1810(1970); NJMM:201(1982), 11*5(1988); AB1:123.

2.4.12.1 Crookesite CuT7TISe4

Named in 1866 for William Crookes (1832-1919), English chemist, who dis-
covered thallium. May contain up to 5% Ag. tet 74. a = 10.40, ¢ = 3.93,
Z=2,D = 7.44. 6-280: 5.2143.30i03.018 2.6010 2.323 2.115 1.844 1.784. Finely
granular. Lead-gray, black streak, metallic luster. Two cleavages at right
angles, brittle. H = 2j-3, VHNI10 = 92-123. G = 6.90. R = 31.5-36.5 (540
nm); distinctly anisotropic. Occurs in hydrothermal deposits with other
selenides. Pinky Fault uranium deposit, Lake Athabaska, SK, Canada;
Skrikerum, near Tryserum, Kalmar, Sweden; Bukov, near Tisnov, Czech
Republic, bm DJ:183, AM 35:31*7(1950), R:I*81, P&J:135, ZK 181:21*1(1987).

2.4.12.2 Sabatierite Cu4TiSe3

Named in 1978 for Germain Sabatier (b.1923), French mineralogist, tet P4/
mmm. a = 3.977, ¢c= 9.841, Z= 1, D = 7.42. 1*1-11*58(syn): 3.0910 2.716 2.532
2.443 1.997 1.853 1.674 1.412. Microscopic polycrystalline aggregates. Gray,
metallic luster. H = 2, VHN15 = 54. R = 27.9-30.6 (540 nm); strongly aniso-
tropic. Bukov deposit, Roznd district, Czech Republic, bom BM 101:557(1978),
AM 61*1331(1979), P&J:1*10, ZK 181:21*1(1987), ABI: 1*56.

2.4.13.1 Carlinite T!2S

Named in 1975 for the locality, nexr23. 0= 12.12,¢=18.175 Z= 27,
D = 8.55. 29-131*I*(syn): 3.0310 2.292.02i 1.75i 1.51i 1.20! 1.08! 0.916!.
Microscopic anhedral grains. Dark gray, black streak, metallic luster. Clea-
vage {0001}, perfect; hackly fracture. H- 1, VHN®= 235 G=8.1.
R = 38.8-40.1 (546 nm); moderately anisotropic. Occurs in carbonaceous



2.4.14.1 Palladoarsenide Pd2As

Named in 1974 for the composition, mon P2/m. a = 9.24, b = 8.47, c = 10.45,
p=94.00° Z= 18, D = 10.54. 17-227(syn): 2.893 2.607 2.35s 2.315 2.2210
2.1510 2.134 1.964. Microscopic grains. Steel-gray, metallic luster. Cleavage
perfect in two directions, brittle. H =5, VHN1b = 390. R = 52.5-54.8 (540
nm); moderately anisotropic. Stillwater Complex, MT, in heavy-mineral
concentrates; Lac des lies Complex, ON, Canada; Oktyabr mine, Talnakh,
Norilsk, Russia; Merensky Reef, Transvaal, South. Africa, bm ZVMO
103:10U(197V), AM 60:162(1975), CM 13:321(1975), AB1:377.

2.4.15.1 Palladobismutharsenide Pd2(As,Bi)

Named in 1976 for the composition, orth Pmcn or P2%cn. a= 7.467,
b= 18.946, c= 6.797, Z= 20, D = 10.8. 29-962(syn): 2.598 2.499 2.384 2.264
2.2310 2.20g 2.135 2.089. Microscopic grains. Cream-white, metallic luster.
H =6, VHNXS = 429-483. R = 52.1-53.0 (546 nm); weakly to distinctly ani-
sotropic. Stillwater Complex, MT, in heavy-mineral concentrates, bom CM
1U:U10(1976), AB1:378.

2.4.16.1 Majakite PdNiAs

Named in 1976 for the locality, hex Space group unknown, a = 6.066, ¢ = 7.20,
Z=6, D = 10.42. 29-965: 3.044 2.65i0 2.404 2.305 2.197 1.1910 1.804 1.753.
Microscopic grains. Gray-white, metallic luster. H =6, VHND= 520.
Goyn = 9.33. R = 52.8 (540 nm); weakly anisotropic. Majak mine, Talnakh,
Norilsk, Russia, intergrown with chalcopyrite and platinum-group minerals.
bm ZVMO 105:698(1976), AM 62:1260(1977), AB1:307.

2.4.17.1 Petrovskaite AuAgS

Named in 1984 for Nina Petrovskaya (b.1910), Russian mineralogist. Con-
tains up to 1.3% Se. mon Space group unknown, a= 4.943, b= 6.670,
c= 7221, p=95.68°, Z= 4, D = 9.44. 38-396: 7.253 3.873 2.7710 2.635 2.394
2.254 1.803 1.474. Microscopic rims on gold. Dark gray to black, dark gray
streak, dull metallic luster. H = 2-2 g, VHN —40-48. Occurs with gold in the
Maikain gold deposit, Kazakhstan, bm ZVMO 113:602(198U), AM 70:1331
(1985), ABI1.%01.

2.4.18.1 Novakite (Cu,Ag)21As10

Named in 1961 for Jiri Novak (1902-1971), Czech mineralogist, mon Space
group uncertain, probably C2/m. a—16.269, b= 11.711, c¢= 10.007,
p=1127°, Z=4, D = 8.01. 39-370: 3.156 2.527 2.385 2.009 1.968 1.917
1.8810 1.18g. Granular aggregates or veinlets. Steel-gray, tarnishing to
black, black streak, metallic luster. H = 3-3*. R —50.6-55.6 (540 nm);



anisotropic, blue-gray to light brown. Cerny Dul mine, near Berghaus, Czech
Republic, in calcite veins, bm AM [f6:885(1961), TMPM 37:167(1985),
P&J-.279, ABI:356.

2.5.1.1 Umangite Cu3Se2

Named in 1891 for the locality, tet Pi2im. a = 6.406, c= 4.282, Z= 2,
D =6.59. 19-m (syn): 3.5510 3.205 3.116 2.265 2.034 1.914 1.838 1.786. Small
grains. Blue-black with reddish cast, tarnishing to iridescent purple, black
streak, metallic luster. Poor rectangular cleavage, uneven fracture, brit-
tlee. H=3, VHNI10= 88-100. G= 6.44-6.49. R = 13.6-16.5 (540 nm);
strongly pleochroic and anisotropic. Occurs with other selenides in
hydrothermal veins. From Lodge Bay, Lake Athabaska to Ato Bay,
Beaverlodge Lake, SK, Canada; Skrikerum, Sweden; Andreasberg, Til-
kerode, Zorge, and other localities in Harz, Germany; Chameau mine,
Puy-de-Dome, France; Habri, near Tisnov, Moravia, Czech Republic;
Kalgoorlie, WA, Australia; Tsumeb, Namibia; Sierra de Umango and
Sierra  de Cachueta, La Rioja, Argentina, om DI:19U, AM
35:35Jf(1950), R:If69, P&J:379, ABI:5Jf9.

2.5.2.1 Bornite Cub5FeS4

Known as a mineral since 1725. Named in 1845 for Ignaz von Born (1742-
1791), Austrian mineralogist, ortn (pseudo-TET) Pbca. a = 10.950, b = 21.862,
c= 10950, Zz= 16, D = 5.09; above 228° iso Fm3m, a- 550, Z= 2
CM 16:397(1978). 11f-323: 3.314 3.186 2.745 2.504 1.9410 1.653 1.265 1.125.
Habit: Crystals rare, pseudocubic, dodecahedral, rarely octahedral; usually
massive. Twin plane {111}; often as penetration twins. Structure: Based on

Copper and iron are 4-coordinated by S and S is 4-coordinated by Fe and S The Cu and Fe tetrahedra
share edges, with the metals only 275 A apart.



cubic close-packed sulfur framework with Cu atoms in a complex arrangement
in triangular and tetrahedral coordination. Physical properties: Copper-red to
brown on fresh surfaces, tarnishes rapidly to iridescent purple (peacock ore),
gray-black streak, metallic luster. Cleavage {111} in traces, conchoidal or
uneven fracture brittle. H = 3, VHN1b = 92. G = 5.06-5.09. R = 21.1 (540
nm); weakly pleochroic and anisotropic. Tests: Easily fusible to a brittle mag-
netic globule. Soluble in HN 03 with the separation of sulfur. Occurrence: A
common and widespread mineral present in many important copper deposits
throughout the world. Also occurs in dikes, in basic intrusives, in contact-
metamorphic deposits, in pegmatites, and in quartz veins. Localities: Bris-
tol™), CT; Butte(*), MT; many mines in AZ, including Bisbee, Globe, Ajo,
Magma; many localities in CA; Kennecott, AK; Marble Bay mine, Texada
Is., BC, Canada; Carn Brea(*) and other mines near Redruth, Cornwall,
England; Freiberg and other localities in Saxony, Germany; near Pragratten,
Austria; Talnakh, Norilsk, Russia; Dzhezkazgan(*), Kazakhstan; N’ouva
mine, Talate, Morocco; Kipushi(*) and Kambove(*), Zaire; Mangula
mine(*), Zimbabwe; Ookiep, Cape Prov., and Messina, Transvaal, South
Africa; Mt. Lyell, TAS, Australia; Morococha, Peru; Braden mine, Chile.
Uses: An important ore of copper, om DI:195, AM 63:1(1978), R:I*87,
P&J:98, ABI:62.

2.5.3.1 Heazlewoodite Ni3S2

Named in 1896 for the locality, hex-r R32. a= 5741, ¢=7.139, Z= 3,
D - 5.87. 8-126: 4.115 2.899 2.384 2.035 1.83i0 1.668 1.29z 1.08a. Massive,
fine-grained; rarely in minute crystals. Pale bronze, light bronze streak, metal-
lic luster. H = 4, VHNI10 = 230-254. G = 5.82. R = 57.0 (540 nm); strongly
anisotropic, brown to blue-gray. Widely distributed as an accessory mineral in
serpentinite. Cedar Hill quarry, Lancaster Co., PA; Josephine Co., OR; White
Creek, Fresno Co., and Dorleska mine (minute crystals), Trinity Co., CA;
Jeffrey mine, Asbestos, PQ, and Miles Ridge, YT, Canada; Poschiavo, Gri-
sons, Switzerland; Cap Corse, Corsica, France; Hirt, near Friesach, Carinthia,
Austria; Kop Krom mine, near Askale, Turkey; Talnakh, Norilsk, Russia;
near Rabad Sefid, Iran; Heazlewood and Trial Harbour, TAS, Australia; Bar-
berton, Transvaal, South Africa, bm AM 32:1*81*(191*7), 62:31*1(1977); R:1*05,
P&J-.196; AB1:210.

2.5.4.1 Oregonite Ni2FeAs2

Named in 1959 for the state of Oregon, hex Space group unknown, a = 6.083,
c=7.130, Z= 3, D = 6.92. 13-368: 3.574 2.954 2.3110 2.12m 1.997 1.797 1.767
1.747. Fine-grained pebbles with smooth brown crust. White, metallic luster.
H = 5. R = 48.0 (540 nm); weakly anisotropic. Josephine Creek, Josephine Co.,
OR; Alexo mine, near Timmins, ON, Canada; near Skouriotissa, Cyprus, in
serpentinite. bm NJMM:239(1959), AM 1*5:1130(1960), R:1*00, P&J:282,
AB 1:361*.



2.5.5.1 Thalcusite TI2Cu3FeS4

Named in 1976 for the composition, tet 74/mmm. a = 3882, c = 13.25, Z = 1,
D = 6.51. 29-580(syn): 3.736 3.314 2.9210 2.549 2.194 1.728 1.616 1.075. Micro-
scopic grains. Gray, metallic luster. H=2|, VHNIO=88. G = 6.15.
R = 28.4-29.9 (540 nm); moderately anisotropic, light yellow to very dark
gray. Mont Saint-Hilaire, PQ, Canada; llimaussaq intrusion, near Narsaq,
Greenland; Talnakh, Norilsk, Russia; Rajpura-Dariba, Rajasthan, India, bm
ZVMO 105:202(1976), AM 62:396(1977), AB1:528.

2.5.5.2 Bukovite TI2Cu3FeSe4

Named in 1971 for the locality, tet IA/mmm. a = 3.976, ¢ = 13.70, Z = 1,
D —7.45. 25-312:3.4353.0010 2.609 2.267 1.997 1.778 1.715 1.66e. Microscopic
crystals and massive. Gray-brown, metallic luster. Cleavage {001}, good;
{100}, imperfect. H = 2, VHN2 = 64. R = 27.7-29.4 (540 nm); weakly pleo-
chroic. Occurs in calcite veins with other selenides at Bukov, Petrovice, and
Predborice, Czech Republic, om BM 97:529(1971), AM 57:1910(1972), NJM A
138:122(1980), P&J:109.

2.5.5.3 Murunskite K2Cu3FeS4

Named in 1981 for the locality, tet IA/mmm. a = 3.88, ¢ —13.10, Z —1,
D = 3.81. 33-1005: 6.52103.2922.906 2.538 2.31! 2.103 1.945 1.724. Microscopic
grains. Copper-red to brown, iridescent tarnish, oxidizes rapidly to give a
black sooty coating, metallic luster. Imperfect cleavage, brittle. H = 3
VHN —109. R = 18.9 (540 nm); moderately anisotropic. Khibeny massif,
Kola, and Murun alkalic massif, Yakutia, Russia, bm ZVMO 110:768(1981),
AM 67:621,.(1982), ABI:SU2.

2.5.6.1 Argyrodite Ag8GeS6

Named in 1886 for the Greek for silver-containing. Forms a series with can-
fieldite (2.5.6.2). orth Pna2x. a= 15.149, 6= 7.476, c= 10.589, Z = 4,
D = 6.25; above 223°: iso ImSm, a= 21.11, Z= 32, D = 6.49. 1U-356: 3.143
3.0210 2.664 2.443 2.033 1.865 1.782 1.172. Pseudocubic crystals up to 18 cm,
also as radiating aggregates and botryoidal crusts. Steel-gray, gray-black
streak, metallic luster. No cleavage, crystals twinned on the spinel law
{111}, conchoidal or uneven fracture, brittle. H = 2\. G=6.1-6.3. R = 25.0
(540 nm); weakly anisotropic. Rico, Dolores Co., CO; Vipont mine, Box Elder
Co., UT; Dolly Varden mine, Alice Arm, BC, Canada; Silvermines, Co. Tip-
perary, Eire; Himmelfiirst and other mines, Freiberg, Saxony, Germany; Four-
nial mine, Cantal, France; Wolyu mine, Youngdong district, South Korea;
Aullagas, Colquechaca(*), Potosi(*), Porco, and other localities, Bolivia, bm
DI-.356, NJMM:269(1978), R:I>79, P&J:75, ABI:23.



2.5.6.2 Canfieldite Ag8SnS6

Named in 1894 for Frederick A. Canfield (1849-1926), U.S. mining engineer
and mineral collector. May contain up to 20% Te, 4% Se, and 2% Ge. Forms
a series with argyrodite (2.5.6.1). orth Pna2i. a = 15.298, 6= 7.548,
c= 10699, Z=4, D =6.31; above 175° iso ImZm. a= 2154, Z= 32,
D = 6.24. 88-MUsyn): 3.25s 3.233 3.115 3.0810 3.023 2.735 2.512 2.072. Pseu-
docubic crystals up to 1 cm, also botryoidal, massive. Steel-gray with a red-
dish tinge, tarnishing to black, gray-black streak, metallic luster. No cleavage,
crystals twinned on the spinel law {111}, conchoidal or uneven fracture, brit-
tle. H= 2\, VHN®= 109. G= 6.2-6.3. R = 25.1 (540 nm). Leadville, Lake
Co., CO; Bisbee, AZ; Himmelsffirst mine, Freiberg, Saxony, Germany; Pri-
bram and Kutna Hora, Czech Republic; Belukhinsk deposit, Transbaikalia,
Russia; Ikuno, Omidani, and Ashio mines, Japan;’ Cirtan, Java; Aullagas(*),
near Colquechaca, Bolivia, bm DI:356, NJMM: 269(1978), R:479, P&J:75,
ABI:79.

2.5.7.1 Daomanite CuPtAsS2

Named in 1974 for the locality, orth Ama2. a = 5.875, 6 = 15.79, ¢ = 3.761,
Z=4,D = 7.57.42-1327: 8.084.7153.257 3.06102.9152.108 1.87s 1.838. Micro-
scopic tabular crystals. Steel-gray with a yellow tint, metallic luster. Clea-
vages {100}, {001}, {010}, {110}, from most to least perfect. H = 37
VHNI15 = 169-175. R = 37-43 (544 nm); strongly pleochroic and anisotropic.
Dao and Ma districts, Yanshan, China, bm AM 61:184(1976), 65:408(1980);
AB1:128.

2.5.8.1 Imiterite Ag2HQgS2

Named in 1985 for the locality, mon P21/c. a —4.039, 6 = 8.005, ¢ = 6.580,
3= 107.12°, 2= 2, D = 7.85. 39-328: 4.8833.4753.1422.9232.77i02.75i02.468
1.474. Anhedral grains up to 1 mm. Gray, metallic luster. H = 2g,
VHNjoo= 86. R = 29.5-32.1 (540 nm); strongly anisotropic, blue to red-
brown. Golden Rule mine, Tuolumne Co., CA; Imiter mine, Jbel Sarhro,
Anti-Atlas, Morocco, bm BM 108:457(1985), AM 71:1277(1986), AB1:230,
MR 21:500(1990).

2.5.9.1 Chvilevaite Na(Cu,Fe,Zn)2S2

Named in 1988 for T. N. Chvileva (b.1925), Russian mineralogist, hex-r
P3ml. a=3.873, ¢=6.848, Z=1, D = 3.94. 42-1366: 6.856 3.409 3.0210
2.4010 1.879 1.485 1.195. Microscopic grains. Bronze, tarnishing rapidly to a
sooty black coating, metallic luster. Cleavage {001}, perfect; brittle. H = 3,
VHN2o= 110-153. R = 17.5-21.6 (540 nm); strongly pleochroic and anisotro-
pic. Occurs in sphalerite at the Akatuya deposit, Transbaikal, Russia, bm
ZVMO 117:204(1988), AM 74:946(1988), ABI:99.



2.6.1.1 Dimorphite As4S3

Named in 1850 from the Greek for two forms, | and Il. I: oren Pnma;
a=9.07, b- 8.01, c= 1030, Z=4, D = 351; IlI: orth Pnma; a= 11.24,
6=9.90, c=656, Z=4, D = 3.60. 26-125: 6.275 5.16i0 4.164 3.873 3.133
3.126 2.965 2.913 (1). 26-126: 5.643 4.89i0 3.914 3.073 2.943 2.843 2.145 1.625
(I1). Dipyramidal crystals. Orange-yellow, yellow streak, adamantine luster.
H=1 G= 258. Solfatara, Italy, in a fumarole; Alacran sulfide deposit,
Copiapo, Chile, bom DI:197, NJMM:U23(1972), ZK 138:161(1973), R:890,
ABI:135.

Joseite Group

The joseite group of structures are bismuth minerals corresponding to the
formula

BimXp
where

Bi may be partially replaced by Pb
X =S, Se, Te
m+p=7

The structures are all similar rhombohedral lattices, RSm, and they are
similar to the arsenic group, but with a 4oaxis repeat. AM 76:257(1991).

Joseite Group

Space

Mineral Formula Group a o D

Joseite Bi4TeS2 RZm 4.24 39.69 8.23 2.6.2.1
Joseite-B BiaTe2S RZm 4.34 40.83 8.44 2.6.2.2
Ikunolite Bi4Ss RZm 4.15 39.19 7.97 2.6.2.3
Laitakarite Bi4Se2S RZm 4,225 39.93 8.28 2.6.2.4
Pilsenite BisTes RZm 4.451 41.888 8.45 2.6.2.5
Poubaite Bi2PbSe2Te2 RZm 4252 40.10 7.88 2.6.2.6
Rucklidgeite (Bi,Pb)3sTea RZm 4422 4149 8.06 2.6.2.7

Notes:

1. Related minerals sharing the composition and the threefold-inversion axis are: protojoseite
(2.6.3.1), kochkarite (2.6.3.2), aleksite (2.6.3.3), and hedleyite (2.6.3.4).

2. See also the tsumoite group for bismuth minerals with formula BiX.

2.6.2.1 Joseite Bi4TeS2

Named in 1853 for the locality. Joseite group. Three varieties are recognized
(A,B,C), differing in Te:S ratio; joseite-C is questionable, hex-r RZm. a = 4.24,
c=39.69,Z=3,D = 8.23.12-735:4.423.6223.08102.2452.1151.7531.5431.543.
Platy crystals. Silver-white, tarnishing to lead-gray, gray streak, metallic lus-



ter. Cleavage {0001}, perfect; flexible. H = 2, VHN2 = 29-43. G = 8.1-8.3.
R = 56.2-60.0 (540 nm); moderately anisotropic. Glacier Guich, near Smithers,
and Good Hope claim, near Hedley, RC, Canada; Carrock Fell and Conis-
ton, Cumbria, England; Serrania de Rondo, Spain; Smolotely, Czech Repub-
lic; Bihot Mts., Romania; Stepnyak gold deposit, Kazakhstan; Koshbulak,
Uzbekistan; Sosukchan deposit, Yakutia, Russia; Tsumo mine, Akita Pref.,
Japan; Kingsgate, NSW, Australia; San Jose, MG, Brazil, bom DI:166; AM
3U:3b2(19U9); 56:1839(1971); R.%39; P&J:367; AB1:252.

2.6.2.2 Joseite-B Bi4Te2S

Named in 1949 for its relationship to joseite. Joseite group, hex-r RSm.
a=434, c=40.83, Z=3, D = 8,44. 9-U35: 4.532 3.1610 2.304 2.175 1.952
1.783 1.572 1.382. Platy crystals. Silver-white, tarnishing to lead-gray, gray
streak, metallic luster. Cleavage {0001}, perfect; flexible; inelastic. H = 2,
VHNX = 46. G = 83. R = 51.0-53.7 (546 nm); distinctly anisotropic. Glacier
Gulch, near Smithers, and Good Hope claim, near Hedley, BC, Canada; Tuna-
berg, Sweden; Smolotely, near Pribram, Czech Republic; Stepnyak deposit,
Kazakhstan; Sosukchan deposit, NE Yakutia, Russia; Tsumo mine, Akita
Pref., Japan; San Jose, MG, Brazil, bom AM 37:367(1979), 76:257(1991);
EM 5:165(1993).

Multiple-layer sandwich structure with the sequence Bi—S—Bi—S—Bi—S-Bi. Sulfurs are in hexagonal closest-
packed arrangement.



2.6.2.3 lkunolite Bi4S3

Named in 1959 for the locality. Joseite group, nex-r RSm. a = 4.15, ¢ = 39.19,
Z=3, D=17.97. 12-730: 6.562 4.345 3.542 3.0210 2.213 2.082 1.872 1.51i.
Foliated massive, plates to 3 cm. Lead-gray, dark gray streak, metallic luster.
Cleavage {0001}, perfect; flexible. H = 2, VHN100=45. G = 7.8. R = 45.0-
48.9 (540 nm); moderately anisotropic. lkuno mine, Hyogo Pref., Japan;
Kingsgate, NSW, Australia, bom MJJ 2:397(1959); AM 45:477(1960), 47:
1431(1962); P&J:207; AB1:228.

2.6.2.4 Laitakarite Bi4Se2S

Named in 1959 for Arne Laitakari (1890-1975), director of the Geological
Survey of Finland. Joseite group, nex-r RSm. a —4.225, ¢= 39.93, Z= 3,
D = 8.28. 14-220: 4.436 3.596 3.07i0 2.258 2.11g 1.747 1.546 1.416. Foliated
plates and sheets. Gray-white, metallic luster. Cleavage {0001}, perfect; flex-
ible; inelastic. H - 2-21, VHNI1D0 = 54-78. G = 8.12. R = 45.0-53.0 (540 nm);
moderately anisotropic. Kidd Creek mine, near Timmins, ON, Canada; Falun
mine, Sweden; Orijarvi mine, Finland; La Creusaz, Valais, Switzerland; Nev-
skoe, Magadan region, Russia; Akenobe mine, Hyogo Pref., Honshu, Japan.
bm AM 44:908(1959), 47:806(1962); P&J:232; AB1:283.

2.6.2.5 Pilsenite Bi4Te3

Named in 1853 for the locality. Joseite group. Synonyn: wehrlite. hex-r R3m.
a=4451, c=41.888, Z= 3, D = 8.45. SS-216(syn): 4.65! 3.2410 2.364 2.23a
1.832 1.49! 1.42i 1.31i. Foliated masses. Tin-white to steel-gray, metallic lus-
ter. Cleavage {0001}, perfect. H = 2, VHNX = 53. G = 8.4-8.6. Sylvanite,
Hidalgo Co., NM; Sudbury, ON, Canada; Deutsch-Pilsen (Borzony), Hungary;
Koronuda Au-Cu deposit, Macedonia, Greece, bm DI:167, R.%38, AM
69:215(1984), AB1:405.

2.6.2.6 Poubaite Bi2PbSe2Te2

Named in 1978 for Zdenek Pouba (1902-1971), Czech economic geologist.
Joseite group, nex-r RBm. a= 4.252, c¢= 40.10, Z= 3, D = 7.88. 29-762:
3.634 3.098 2.255 2.136 2.02i0 1.834 1.75s 1-355. Microscopic euhedral to
subhedral lathlike crystals. Silver-white to lead-gray, metallic luster.
Cleavage {0001}, perfect. H = 2j, VHNgg = 74-122. R = 48.5-53.3 (540
nm); strongly anisotropic. Otish Mts. uranium deposit, PQ, Canada;
Oldrichov, near Tachov, Czech Republic, bm NJMM:9(1978), AM
63:1283(1978), CM 25:625(1987), ABP.421.

2.6.2.7 Rucklidgeite (Bi,Pb)3Te4
Named in 1977 for John C. Rucklidge (b.1938), Canadian mineralogist. Joseite
group. Contains up to 3% Sb and 2% Ag. hex-r RZm. a = 4.422, ¢ = 41.49,

Z=3, D =28.06. 29-234: Z.2210 2.349 2.214 1.985 1.824 1.614 1.47e 1.384.
Foliated aggregates and microscopic grains. Silver-white, lead-gray streak,



metallic luster. Perfect basal cleavage, brittle. H =2, VHNI10= 52-63.
G =7.74. R = 62.1-65.3 (540 nm); distinctly anisotropic. Hesperus mine, La
Plata Co., CO; Campbell mine, Bisbee, AZ; Robb-Montbray mine, Montbray
Twp., PQ, and Ashley deposit, Bannockburn Twp., ON, Canada; Ilomantsi,
Finland; Oldrichov, near Tachov, Czech Republic; Zod, Armenia; Kochkar Au
deposits, Ural Mts., Russia; Yanahara mine, Okayama Pref., Japan; Kam-
balda, WA, Australia, om ZVMO 106:62(1977), AM 63:599(1978), AB 1:1*50,
CM 31:99(1993).

2.6.3.1 Kochkarite Bi4PbTe7

Named in 1989 for the locality, nex-r PZml. a= 4.416, c= 79.20, Z= 3,
D = 7.89. 44-1439: 3.23i0 2.366 2.21z 2.013 1.982 1.822 1.61i 1.482. Tabular
crystals. Silver-gray, lead-gray streak, metallic luster. Perfect basal cleavage;
fragments flexible, inelastic. H = 2-2, VHN15 = 28-80. G = 7.94. R = 59.0-
63.2 (540 nm); strongly anisotropic. Kochkar deposit, southern Ural Mts., Rus-
sia. bm GRM 31:98(1989), AM 76:1*84(1991).

2.6.3.2 Aleksite Bi2PbTe2S2

Named in 1978 for the locality, nex-r P3ral. a = 4.238, ¢ = 79.76, Z = 6,
D = 7.59. 29-765: 3.633 3.09102.254 2.126 1.973 1.354 1.314 1.213. Platy grains
to 1 mm. Pale gray, metallic luster. Cleavage {0001}, perfect. H = 2
VHN2 = 40-65. R = 53.2 (540 nm); weakly anisotropic. Near Tybo, Nye
Co., NV; Barringer mine, Timmins, ON, Canada; St. David’s mine, near
Dolgellau, Wales; Alekseev mine, Sutemskii region, Stanovoi Mts., Russia, bm
ZVMO 107:315(1978), AM 64:652(1979), ABI:7.

2.6.3.3 Hedleyite Bi7Te3

Named in 1945 for the locality, nex-r RSm. a= 4.47, c¢= 119.0, Z= 6,
D = 8.93.12-719: 3.25102.3752.244 1.993 1.853 1.634 1.484 1.423. Platy masses.
Tin-white, tarnishing iron-black, gray streak, metallic luster. Cleavage
{0001}, perfect; flexible lamellae. H =2, VHNX= 31-42. G = 8.91.
R = 66.2-66.7 (540 nm); weakly anisotropic. Good Hope claim and Oregon
mine, near Hedley, BC, and Burwash Creek placer, Kluane Lake district,
YT, Canada; Vaddas-Rieppe area, Norway; Kumbel skarn deposit, Kyrgyz-
stan; Ugat, Uzbekistan; Vostok-2, Maritime Territory, Russia, bm AM
30:6U4(1H5), 34:364(1949); R:438; P&J-.365; AB1:211.

2.6.4.1 Genkinite (Pt,Pd)4Sbh3

Named in 1977 for Alexandr D. Genkin (b.1919), Russian mineralogist, tet
P41212. 0= 7.736, ¢ = 24.161, Z=8, D = 9.26. 29-133: 3.473 3.029 2.271
2.154 2.124 1.936 1.915 1.274. Microscopic grains. Pale brown, metallic luster.
H = 59, VHNZ% = 578-612. R = 50.8-51.1 (540 nm); moderately to strongly
anisotropic. Fox Gulch, Goodnews Bay, AK; Unst and Fetlar, Shetland Is.,
Scotland; Birbir R., Ethiopia; Onverwacht mine and Driekop mine, Transvaal,
South Africa, bm CM 15:389(1977), 26:979(1988); AM 64:654(1979); P&J:404.



2.6.5.1 Temagamite Pd3HgTe3

Named in 1973 for the locality, ortn Space group unknown, a —11.608,

b= 12.186, c- 6.793, Z= 6, D = 9.36. 26-881(syn): 2.9110 2.644 2.199 2.094

1.967 1.665 1-625 1.465. Microscopic grains. White, metallic luster. H = 2g,

VHNS = 92. G = 9.5. R = 52.9-53.9 (546 nm); weakly anisotropic. Stillwater

Complex, MT; New Rambler mine, Albany Co., MT; Temagami Cu deposit,

Temagami I., ON, Canada; Merensky Reef, Transvaal, South Africa, om CM
m12:193(1973), AM 60:91*7(1975), R:1*W, AB1:520.

2.6.6.1 Donharrisite Ni8HQg3S9

Named in 1989 for Donald C. Harris (b.1936), Canadian mineralogist, mon
C2/m. o= 1166, 6= 6.91, c= 10.92, p=9743°, Z=2, D =5.18. CM 27:
5.757 5.097 3.715 3.336 2.686 2.613 2.55i0 2.223. Microscopic micalike flakes.
Brown, gray-brown streak, metallic luster. Cleavage {001}, perfect; conchoi-
dal fracture; brittle. H = 2, VHN5= 47. R = 44.2-47.1 (540 nm); distinctly
anisotropic. Erasmus mine, Leogang, Salzburg Prov., Austria, om CM
27:257(1989).

Pentlandite Group

The pentlandite group consists of isostructural sulfides and selenides corre-
sponding to

AB8X8
where

A = Ag, Cd, Mn, Fe, Ni, Co, Pb
B = Fe, Ni, Co, Cu
X =5, Se

The structures are all cubic, FmSm, based on a cubic close packing of sulfur
atoms with iron or nickel in a tetrahedral coordination forming a highly con-
densed B8S14 group.

Pentlandite Group

Space
Mineral Formula Group a D
Pentlandite (Fe,Ni)oSs Fm3m 10.042 5.08 2.7.1.1
Argentopentlandite Ag(Fe,Ni)sSs Fm3m 1050 5.05 2.7.1.2
Cobalt pentlandite COys8 FSm 9973 5.22 2.7.1.3
Shadlunite (Pb,Cd)(Fe,Cu)sSs FnSm 10.01 4.72 27.1.4

Manganese-shadlunite (Mn,Pb)(Cu,Fe)sSs Fm3m 10.73 4.56 2.7.1.5
Geffroyite (Cu,Fe,Ag)9(Se,S)s Fm3m 10.889 5.39 2.7.1.6



2711 Pentlandite

Notes:

1. Compare also with the chalcocite structures based on a hexagonal close packing of sulfur
atoms.

2. Compare with the sphalerite structures based on an arrangement of cubic close-packed

sulfur atoms.

Godlevskite (2.7.4.1) and kharaelakhite (2.7.5.1) fulfill the chemical formula, but they are

3.
reported in lower-symmetry orthorhombic space groups.

2.7.1.1 Pentlandite (Fe,Ni)9S8
Named in 1856 for Joseph B. Pentland (1797-1873), Irish scientist, who first
= 5.08.

noted the mineral. Pentlandite group, iso Fm3m. a = 10.042, Z= 4, D
30-657:5.793 3.0310 2.903 1.933 1.7710 1.31i 1.25! 1.022. Habit: Massive, typi-

cally in granular aggregates; large grains show well-developed {111} parting
planes. Structure: Based on cubic close-packed S atoms, with (Fe,Ni) in tetra-
hedral coordination forming highly condensed B8S14 groups joined at corners
about an octahedrally coordinated (Fe,Ni) atom. Physical properties: Bronze-
yellow, bronze-brown streak, metallic luster. No cleavage, conchoidal fracture.
H —3J-4, VHN1.0o= 210. G=4.9-5.2. R = 49.2 (540 nm). Nonmagnetic.
Tests: Insoluble in 1:1 HCLl. Fuses readily to a steel-gray bead. Chemistry:
Most analyses show Fe/Ni ratio near 1:1, but Fe ranges from 25 to 43%, and
Vi from 19 to 34% ; Co may be present, up to 11%. Occurrence: Pentlandite
>ccurs in basic igneous rocks along with iron and nickel sulfides and arsenides,
tisnearly always intimately associated with pyrrhotite. It is an accessory in
Jme stony meteorites. Localities: The most abundant nickel mineral, pentlan-
ite is widely distributed throughout the world. Lick Fork, Floyd Co., VA;



Stillwater, MT; Sudbury, ON, and Thompson, MB, Canada; Espedalen, near
Lillehammer, Norway, Outokumpu, Finland; Pechenga, Kola, and Norilsk,
Russia; Kambalda, Agnew, Spargoville, and Windaira, WA, Australia;
Rustenburg, Transvaal, South Africa. Uses: The principal ore of nickel, bm
DI:21+2, CM 12:169(1973), MM 1+1:31*5(1977), R:1+97, P& J:293, AB1:396.

2.7.1.2 Argentopentlandite Ag(Fe,Ni)8S8

Named in 1977 for the relationship to pentlandite. Pentlandite group, iso
FmSm. a= 1050, Z= 4, D = 5.05. 251+06: 6.062 5.252 3.712 3.1710 3.022
2.024 1.8610 1.073. Octahedral crystals and massive. Bronze-brown, metallic
luster. Cleavage {111}, good. H = 3-3i, VHN® = 132-154. R = 28.8 (540
nm). Silver City, Ontonagon Co., MI; Agassiz Au deposit, Lynn Lake, MB,
Canada; Talnotry mine, Dumfries, Scotland; Vuonos, Miihkali, Hietajarvi,
and Outokumpu deposits, Finland; Bottino, Tuscany, Italy; Oktyabr mine,
Norilsk, Russia; Windaira, WA, Australia, bom AM 57:137(1972), ZVMO
106:688(1977), ABI:20.

2.7.1.3 Cobalt Pentlandite Co09S8

Named in 1959 for the composition and relationship to pentlandite. Pentlan-
dite group. Contains some Fe and Ni replacing Co. iso FmSm. a —9.973,
Z- 4, D =5.22. 12-723: 5.756 3.0110 2.886 2.295 1.92g 1.7610 1.305 1.026.
Microscopic crystals and exsolved lamellae. Yellow-brown, metallic luster.
Cubic cleavage. H = 4-4~, VHN10b = 278-332. R = 57.0 (540 nm). Vauze
mine, Noranda, PQ, and Langis mine, Cobalt, ON, Canada; Erglodd mine,
central Wales; Varislahti deposit and Savonranta and Outokumpu deposits,
Finland; Talmessi mine, near Anarak, Iran; Shimokaua mine, Hokkaido,
Japan; Amianthus mine, Barberton, South Africa, bm AM 1+1+:897(1959),
CM 9:597(1969), ABI:101+.

2.7.1.4 Shadlunite (Pb,Cd)(Fe,Cu)8S8

Named in 1973 for Tatyana Shadlun (b.1912), Russian mineralogist. Pent-
landite group, iso FmSm. a= 1091, Z= 4, D = 4.72. 25-11+26: 5.423 3.844
3.2910 3.162 2.114 1.939 1.672 1.422. Microscopic grains and veinlets. Yellow-
gray, metallic luster. Polysynthetic twinning seen in polished section. H = 3

4, VHN2 = 210. R = 245 (540 nm). In Cu ore, Majak mine and Oktyabr
mine, Norilsk, Russia, bm ZVMO 102:63(1973), AM 58:1111+(1973), R:592,
AB 1:1+72,

2.7.1.5 Manganese Shadlunite (Mn,Pb)(Cu,Fe)8S8

Named in 1973, the Mn analog of shadlunite. Pentlandite group, iso FmzZm.
a= 1073, Z= 4, D - 456. 25-11+25: 3.782 3.23i0 3.083 2.462 2.073 1.899 1.642
1.104. Microscopic grains and veinlets. Yellow-gray, metallic luster. Polysyn-
thetic twinning seen in polished section. H = 3|, VHN2 = 195. R = 29.0



(540 nm). Oktyabr deposit, Norilsk, Russia, bm ZVMO 102:63(1973), AM
58:111k (1973), AB1:311.

2.7.1.6 Geffroyite (Cu,Fe,Ag)9Se,S)8

Named in 1982 for Jacques Geffroy (b.1918), French metallurgist. Pentlandite
group, iso FmZm. a = 10.889, Z = 4, D = 5.39. 35-523: 3.289 3.159 2.444 2.096
1.9310 1824 1.665 1-116* Microscopic grains. Cream-brown, metallic luster.
H=4 YHNL5=68-72. R = 30.1 (540 nm). Chameane, Puy-de-Dome, France;
San Miguel mine, Moctezuma, SON, Mexico, bm TMPM 29:151(1982), AM
67:107k(1982), P&J:kOk, ABI:176.

2.7.2.1 Mackinawite (Fe,Ni)SOg

Named in 1962 for the locality. May contain up to 9% Cu and 8% Co. tet P4/
nmm. a = 3.676, c= 5.032, Z= 2, D = 4.29. 15-37: 5.03i0 2.978 2.318 1.844
1.818 1.734 1.244 1.066. Microscopic pyramidal crystals or anhedral grains.
Bronze-gray, black streak, metallic luster. Cleavage {001}, good; soft.
VHNIL = 63-89. R = 21.6-45.3 (540 nm); strongly pleochroic and anisotropic.
Widely distributed in small amounts; formed by hydrothermal activity in ore
deposits, during serpentinization of ultrabasic rocks, and in the reducing
environment of sediments and sedimentary rocks; an accessory in meteorites
and lunar rocks. Howard Montgomery quarry, Howard Co., MD; Mackinaw
mine, Snohomish Co., WA; Kramer borate deposit, Kern Co., CA; Muskox
intrusion, NWT, Canada; Kynance CIiff, Lizard, Cornwall, England; Out-
okumpu mine, Finland; Talnakh area, Norilsk, Russia; Broken Hill, NSW,
and Scotia nickel deposit, WA, Australia; and many other localities, bm AM
U8:511(1963), R:683, P&J:2k7, AB1:305.

2.7.3.1 Yarrowite Cu9S8

Named in 1980 for the locality, hex-r Space group uncertain, probably P3ml.
a= 3.800,c- 67.26, Z= 3, D = 4.89. CM 18:51k: 5.9625.0333.6833.066 2.853
2.774 2512 19010. Black, metallic luster. Cleavage {0001}. H = 2|,
VHNI15 = 93-98. R = 10.7-25.6 (540 nm); pleochroic in blue to blue-white
[formerly called “blaubleibender Covellit” (blue-remaining covellite) for this
reason]. In red-bed copper deposit at Yarrow Creek, AB, Canada; High Rolls
district, Otero Co., NM; Cannington Peak, Somerset, England, bom CM
18:511(1980), R:676, AB1:583.

2.7.4.1 Godlevskite Ni9S8

Named in 1969 for Mikhail N. Godlevsky (1902-1984), Russian economic
geologist. May contain up to 3% Fe. orth C222. a = 9.180, 6 = 11 263,
c= 9457, Z=4, D = 5.273. 22-1193: 3.285 2.8510 2.334 2.184 2.105 1.809
1.798 1.658. Microscopic grains. Yellow, metallic luster. Complexly twinned.
H=45, VHN®= 383-415. R = 50.5-52.2 (540 nm); strongly anisotropic.
Near Moapa, Clark Co., NV; Orford mine, PQ, Texmont mine, south of
Timmins, ON, Canada; Zapolyarnyi mine, Norilsk, Russia; Mt. Clifford,



near Leonora, WA, Australia; Bou Azzer, Morocco; Amianthus mine, Barber-
ton, South Africa, bm GRM 11:115(1969), AM 55:317(1970), R:505, P&J-.182,
CM 26:283(1988).

2.7.5.1 Kharaelakhite (Pt,Cu,Pb)9S8

Named in 1985 for the locality. Contains up to 6% Fe and 5% Ni. orth
Pmmm. a= 9.713, b= 8.333, c= 1452, Z= 4, D = 7.66. 39-AH: 6.302 3.044
2.8010 2.672 2.592 1.853 1.815 1.733. Thin rims on braggite-cooperite. Gray,
metallic luster. R = 37.1-42.2 (540 nm); distinctly anisotropic. Talnakh
deposit, Kharaelakh Plateau, Norilsk, Russia, bm MZ 7:78(1985), AM
71£1215(1989).

Galena Group

The galena group minerals consist of isostructural species having the chemical
formula

AB
where
A = Pb, Mn, Ca, Mg
B =S, Se, Te

and the structure is the halite structure, FmSm, a face-centered cubic close-
packed association of two different elements.

Galena Group

Space

Mineral Formula Group a D

Galena Pbs FrSm 5.94 7.60 2.8.1.1
Clausthalite PbSe Fnzm 6.12 8.28 2.8.1.2
Altaite PbTe FmSm 6.44 8.31 2.8.1.3
Alabandite MnsS FmSm 5.22 4.05 2.8.1.4
Oldhamite cas FmSm 5.69 2.59 2.8.1.5
Niningerite (Mg,Fe,Mn)s  FHMSm 5.17 2.66 2.8.1.6

Notes:

1. The halite, periclase, and galena groups are all essentially isostructural.

2. Borovskite (2.8.1.7) and crerarite (2.8.1.8) are possible members of this group.

3. See the periclase (4.2.1.1) group for other halite structures, with oxygen in
place of S, Se, or Te.

2.8.1.1 Galena PbS

Name is the Latin word for lead ore or drossfrom melted lead. Galena group, iso
FmSm. a=5.94, Z= 4, D = 7.60. 5-592(syn): 3.438 2.9710 2.106 1.794 1.712
1.48i 1.332 1.214. Habit: Cubes and cubo-octahedral crystals; commonly mas-
sive, coarse to very fine granular. Twinned on {111}, penetration or contact



twins; on {114}, with lamellae giving diagonal striations on cleavages. Physical
properties: Lead-gray, lead-gray streak, metallic luster. Cleavage {100}, per-
fect; parting or cleavage on {111}. H = 2|, VHNI1b= 79-104. G = 7.58.
R = 42.4 (540 nm). Tests: On heating, emits S02 fumes and yields a globule
of metallic lead. Decomposed by HN 03 with the formation of PbS04 and the
separation of S. Chemistry: Usually pure PbS; the silver reported in some
analyses is usually due to admixed silver minerals. Bi, Ag, Sb, Hg, and Cu
have been found in amounts greater than 1 wt%. Occurrence: Galena is the
commonest lead mineral and occurs in many types of deposits. Extensive
deposits of galena (and sphalerite) occur as irregular masses in solution cav-
ities in limestone. Hydrothermal vein deposits of galena frequently contain
significant silver values. Some important deposits are of contact or regional
metamorphic origin. Localities: Some localities for outstanding specimens are:
Balmat, St. Lawrence Co., NY; Tri-State mining district, MO-KS-OK;
Breckenridge, Creede, and Leadville, CO; Coeur d’Alene, ID; Admiralty Is.,
AK; Bathurst, NB, Kidd Creek, ON, Kimberley, BC, Pine Point, NWT,
Canada; Naica and Santa Eulalia, CHIH, Mexico; Mogul mine, Tipperary,
Eire; Alston Moore and Weardale, Cumberland, England; Andreasberg, Neu-
dorf and Clausthal, Harz, and Freiberg, Saxony, Germany; Pribram, Czech
Republic; Bottino, Tuscany, ltaly; Trepca, Serbia; Madan, Rhodope Mts.,
Bulgaria; Dalnegorsk, eastern Siberia, Russia; Tsumeb, Namibia; Mt. Isa, Q,
and Broken Hill, NSW, Australia; Huanzala mine, Dept. Ancash, Peru. Uses:
The principal ore of lead, bom DI:200, R:6116, P&J-.171, CM 27:363(1989),
ABI:170.

2.8.1.2 Clausthalite PbSe

Named in 1832 for the locality. Galena group, iso FmSm. a = 6.12, Z = 4,
D = 8.28. 6-35.4(syn): 3.543 3.064q2.177 L8521.772 1.534 1.373 1.252. Massive,
commonly fine granular. Lead-gray, lead-gray streak, metallic luster. Cleavage
{100}, good. H = 2J-3, VHNI1D = 44-49. G = 8.0-8.2. R = 51.3 (540 nm).
Widely distributed in small amounts. Rifle and Garfield mines, Garfield Co.,
CO; Corvusite mine, Grand Co., UT; Kidd Creek and Hemlo mines, ON, and
Goldfields dist., SK, Canada; Clausthal, Tilkerode, Lerbach, and Zorge, Harz,
Germany; Lasovice, Bohemia, Czech Republic; El Sharana, NT, Australia;
Pacajake, Colquechaca, Bolivia; Sierra de Umango and Sierra de Cachueta,
La Rioja, Argentina, bom DI:20b, AM UU:166(1959), R:659, P&J-.123.

2.8.1.3 Altaite PbTe

Named in 1845 for the locality. Galena group, iso Fm2>m. a —6.44, Z = 4,
D = 8.31. 8-28(syn): 3.2310 2.288 1.863 1.61z 1445 1.314 1.072 1.022. Cubic
crystals rare; usually massive, fine-grained. Tin-white with a yellow tinge,
tarnishing to bronze-yellow, metallic luster. Cleavage {100}, perfect. H = 3,
VHN” = 51, G = 8.1-8.3. R = 69.7 (540 nm). Widely distributed, usually in
hydrothermal Au deposits. Kings Mt. mine, Gaston Co., NC; Red Cloud
mine, Boulder Co., CO; Hilltop mine, Dona Ana Co., NM; Stanislaus mine,



Calaveras Co., CA; Mattagami Lake mine, Mattagami, PQ, Kirkland Lake
mines and Sudbury, ON, Canada; Adervielle, Hautes-Pyrenees, France;
Sacaramb, Stanija, and Herja, Romania; Merisi Cu deposit, Georgia; Savo-
dinsky mine, Zyryanovsk, Altai Mts., Kazakhstan; Nojori mine, Japan; Kal-
goorlie and Norseman, WA, Australia; Condorriaco mine, Coquimbo, Chile.
bm DI:205, AM 31*:361(191*9), R:661, P&J:66, ABI:11.

2.8.1.4 Alabandite MnS

Named in 1832 for the locality. Galena group. Composition usually near MnS,
but may contain up to 22% Fe and 7% Mg. iso FmSm. a= 5.22, Z = 4,
D = 4.05. 6-518{syn): 3.02i 2.6110 1.855 1.58! 1.512 I.Slj. 1.172 1.072. Usually
massive or granular. Black, tarnishing to brown, green streak, submetallic
luster. Cleavage {100}, perfect. H = 34, VHN1b = 240-251. G = 4.0-4.1.
R = 22.8 (540 nm). Occurs in low-temperature vein deposits, and as an acces-
sory mineral in some enstatite chondrites. Sehellbourne, White Pine Co., MT;
Manhattan mine, Park Co., CO; Bisbee, and Lucky Cuss mine(*), Tomb-
stone, AZ; McDame Creek, BC, Canada; Mina La Preciosa, Tlalchichuca,
PUE, Mexico; Litosice, Bohemia, Czech Republic; Molinello mine, Liguria,
Italy; Sacaramb and other localities, Romania; Ruen, Bulgaria; Alabanda,
Caria, Turkey; Dastakert deposit, Armenia; Solongo and Norilsk, Russia;
Noda-Tamagawa, Kaso, and other Mn mines, Honshu, Japan; Broken
Hill(*), NSW, Australia; Uchucchacua mine, Peru, om AM 56:1269(1971),
R:61*2, P&J:62, ABI:5.

2.8.1.5 Oldhamite CaS

Named in 1862 for Thomas Oldham (1816-1878), director of the Geological
Survey of India. Galena group. May contain up to 2% Mg and 6% Fe. iso
FmSm. a = 5.69, Z= 4, D = 2.59. 8-1*61*(syn): 2.85i0 2.017 1.642 1.42! 1.272
1.16i 0.95i 0.90i. Microscopic grains. White to pale brown, white streak.
Cleavage {100}, perfect. H = 4. G = 2.58. Isotropic; N = 2.14. Occurs in
enstatite chondrites and enstatite achondrites. Bustee meteorite, India, bm
D1:208, R:61*2, GCA 1*6:2083(1982), AB1:360.

2.8.1.6 Niningerite (Mg,Fe,Mn)S

Named in 1967 for Harvey H. Nininger (1887-1986), U.S. meteorite
researcher. Galena group. Contains up to 37% Fe, 12% Mn, 3% Ca, and
2% Cr. iso FmBm. a= 517, Z=4, D = 2.66 (MgS). 35-730(syn): 3.00i
2.60i0 1846 1.502 1.30i 1.161 1.06! 0.87i. Microscopic grains. Gray. An
accessory mineral in enstatite chondrites, om SCI 155:1*51(1967), AM
56:1269(1971), R:61*2, GCA 1*6:2083(1982).



2.8.1.7 Borovskite Pd3SbTe4

Named in 1973 for Igor B. Borovski (1909-1985), Russian chemist. Possibly
galena group, iso FmZm. a = 5.79, Z= 1, D = 8.12. 26-11*26: 3.3432.90i02.046
1.603 1.555 1.30% 1.243 1.184. Microscopic grains. Dark gray, metallic luster.
H=2|, VHNI—ss. Khautomarsk deposit, Karelia, Russia, bm ZVMO
102:1*27(1973), AM 59:873(1971*), ABI1:63.

2.8.1.8 Crerarite Bi3(Pb,Pt)(S,Se)4 x(x = 0.1-0.2)

Named in 1994 for David Crerar (1945-1994), professor of geochemistry,
Princeton University. Possibly galena group, iso FmSm. a = 5.86, Z= 1,
D = 7.75. NJMM: 3.3752.94102.0731.7721-692 1.47B135i 1.20i. Microscopic
grains. White-gray. R = 50 (540 nm). Found in amphibolite boulders, Lac
Sheen, near Belleterre, PQ, Canada, bm NIJMM:567(1991%).

Sphalerite Group

The sphalerite group consists of six minerals with the formula
AB

where

A = Zn, Fe, Hg, Cd
B - Se, Te

and a structure in space group FAZm. The structure is based on cubic close-
packed sulfur atoms, with A atoms in tetrahedral coordination.

Sphalerite Group

Space

Mineral Formula Group a D

Sphalerite (Zn,Fe)s FASm 5406  4.10 28.2.1
Stilleite Znse FASm  5.667 5.27 2822
M etacinnabar Hgs F3m  5.903 7.86 2.8.2.3
Tiemannite HgSe FA3m 6.085 8.24 2.8.2.4
Coloradoite HgTe FH3m  6.460 8.09 2.8.2.5
Hawleyite cds F43m 5818 4.87 28256

Notes:

1. Polhemusite (2.8.3.1) is a tetragonal (Zn,HQ)S structure with a cubic pseudocell with
a= 5.33.

2. See the pentlandite group for other structures based on closed-packed arrangements of

sulfur atoms.

See wurtzite (2.8.7.1) for a hexagonal polymorph of ZnS.

4. See the tetrahedrite group for similar structures accommodating additional elements.

w
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2.8.2.1 Sphalerite (Zn,Fe)S

Named in 1847 from the Greek for treacherous, the mineral sometimes being
mistaken for galena but yielding no lead. The old German miners’ name
Blende for sphalerite means blind or deceiving. Sphalerite group, iso F43m.
a= 5406, Z=4, D=4.10. 5-566{syn): 3.1210 2.71x 1.915 1.633 1.35! 1.24i
I.I0i 1.04!. Habit: Tetrahedral or dodecahedral crystals, often distorted and
complex; frequently as cleavable masses, coarse to fine granular, fibrous, con-
cretionary, or botryoidal. Twinning common on {111}, as simple or multiple
contact or penetration twins. Physical properties: Yellow, brown, black, less
commonly red or green; white or colorless when iron-free; white to yellow or
brown streak, resinous to adamantine luster. Cleavage {Oil}, perfect.
H = 374, VHNIi0 = 208-224. G = 3.9-4.1, decreasing with Fe content. Pyro-
electric. Sometimes triboluminescent. Tests: Soluble in HC1 with evolution of
H2S. Chemistry: The Fe content ranges up to about 26%, corresponding to
nearly 50 mol % FeS; Mn may be present up to 6%, and Cd up to 1.7%.
Optics: R = 16.6 (540 nm); isotropic; N = 2.37-2.47, increasing with Fe con-
tent. Occurrence: Sphalerite has been reported in small amounts as a primary
constituent of granite and in pegmatites. It is often found in contact-meta-
morphic deposits and in veins. Large deposits (Mississippi valley type) occur
along solution channels in limestone and dolomite. It is an accessory mineral
in some meteorites and lunar rocks. Localities: Sphalerite is the commonest
zinc mineral and occurs widely throughout the world; only a few localities for
fine specimens can be cited. Thomasville quarry, York Co., PA; Franklin, NJ;
Elmwood mine, Carthage, TN; many localities of the Mississippi valley type



in WI, IL, MO, KS, and OK; Hanover, NM; Butte, MT; Big Four mine,
Kremmling, CO; Bingham and Park City, UT; Coeur d’Alene, ID; Sullivan
mine, Kimberley, BC, and Watson Lake(*), YT, Canada; Cananea, SON,
Santa Eulalia and Naica, CHIH, Charcas, SLP, Mexico; Alston Moor and
Egremont, Cumberland, England; Picos de Europa(*), Santander, Spain; Len-
genbach(*), Binn, Switzerland; Bottina, Tuscany, Italy; Rodna and Baia
Sprie, Romania; Trepca, Serbia; Madan, Rhodope Mts., Bulgaria; Dalne-
gorsk, eastern Siberia, Russia; Chichibu mine, Saitama Pref., Japan; Mt.
Isa, Q, and Broken Hill, NSW, Australia; Huaron, Casapalca, and Huanca-
velica, Peru. Uses: The principal ore of zinc, bm DI:210, AC(A) 36:782(1980),
R:506, P&J:95, ABI:U88.

2.8.22 Stilleite ZnSe

Named in 1956 for Hans Stille (1876-1966), German geologist. Sphalerite
group, iso FE3m. a= 5.667, Z= 4, D = 5.27. 5-522(syn): 3.2710 2,007 1.714
1.42x 1.30! 1.162 1.09! 0.96i. Microscopic grains. Gray, gray streak, metallic
luster. H = 5. G = 5.3. Shinkolobwe, Shaba Prov., Zaire; Santa Brigida mine,
La Rioja Prov., Argentina, bm AM k2:587(1957), R:520, AB1.9%99.

2.8.2.3 Metacinnabar HgS

Named in 1870 for its relationship to cinnabar. Sphalerite group. Synonyms:
onofrite (selenian), saukovite (cadmian). May contain up to 12% Cd, 9% Zn,
10% Se. iso F43m. a = 5.903, Z= 4, D = 7.86. 22-729: 3.41i,, 2.954 2.09¢ 1.787
1.702 1 363 1.203 1.143. Usually massive, rarely as small tetrahedral crystals.
Gray-black, black streak, metallic luster. Shows lamellar twinning, subcon-
choidal to uneven fracture, brittle. H= 3. G= 7.5-7.7. R = 25.6 (540 nm).
Widely distributed in Hg deposits. Terlingua, Brewster Co., TX; Marysvale,
Piute Co., UT; Reward mines, King Co., WA; New Almaden, Santa Clara
Co., New Idria, San Benito Co., Redington mine, Lake Co., and other Hg
deposits in CA; Read Is., BC, Canada; San Onofre, ZAC, Almoloya, GRO,
and Guadalcazar, SLP, Mexico; Leogang, Salzburg, Austria; Levxgliani, Tus-
cany, ltaly; Idria, Slovenia; Baia Sprie, Romania; Uland deposit, Gornyi
Altai, Russia; Wen-Shan-Chang, Kweichow, China, om DI:215, AM
W.U71(1959), R:521, P&J:267, ABI:327.

2.8.2.4 Tiemannite HgSe

Named in 1855 for W. Tiemann, who discovered the mineral in 1829. Spha-
lerite group, iso FiSm. a = 6.085, Z= 4, D = 8.24. 8-U69(syn): 3.51i0 3.042
2.155 1.843 1.76i 1.52i 1.40i 1.24!. Tetrahedral crystals and massive. Dark
gray to black, black streak, metallic luster. No cleavage, twinned on {111},
uneven to conchoidal fracture, brittle. H = 2\, VHN5= 22-26. G = 8.2-8.5.
R = 29.8 (540 nm). Marysvale, Piute Co., UT; New lIdria, San Benito Co.,
and San Joaquin Ranch, Orange Co., CA; Nicholson Bay, Lake Athabaska,
SK, Canada; Tilkerode, Lehrbach, Zorge, and Clausthal, Harz, Germany;
Lasovice, Bohemia, Czech Republic; El Sharana mine, NT, Australia; Paca-



jake, near Colquechaca, Bolivia; Sierra de Umango, La Rioja Prov., Argen-
tina. bm DI:217, AM 35:358(1950), R:523, P&J:370.

2.8.2.5 Coloradoite HgTe

Named in 1877 for the state of Colorado. Sphalerite group, iso F43rn.
a= 6.460, Z= 4, D = 8.09. 32-665{syn): 3.7310 3.23! 2.286 1.953 1.62! 1.48i
1.32i 1.24i. Massive, granular. Dark gray to black, black streak, metallic
luster. No cleavage, brittle, friable. H = 2\, VHNioo = 25-28. G = 8.0-8.1.
R = 35.4 (540 nm). Keystone area, Boulder Co., and Good Hope mine, Gunni-
son Co., CO; Norwegian mine, Tuolumne Co., CA; Robb-Montbray mine,
PQ, and mines in the Kirkland Lake area, ON, Canada; Uzel’ginsk deposit,
Ural Mts., Russia; Emperor mine, Vatukoula, Fiji; Kalgoorlie, WA, Austra-
lia. bm DI1:218, AM 34:342(1949), R:524, P&J:127.

2.8.2.6 Hawleyite CdS

Named in 1955 for James E. Hawley (1897-1965), Canadian mineralogist.
Sphalerite group. Dimorphous with greenockite. iso F43?n. a = 5.818, Z = 4,
D = 4.87.10-454: 3.36i02.904 2.068 1.756 1.452 1.34a 1.193 1.123. Fine-grained
powdery coatings: Orange, orange streak, earthy luster. Isotropic; N = 1.78.
Occurs as coatings on sphalerite. Franklin, NJ; Eureka Co., NV; Crestmore,
Riverside Co., CA; Hector-Calumet mine, Galena Hill, YT, Canada; Tynagh,
Galway, Eire; Los Blancos mine, Sierra de Cartagena, Spain; Komna, Mor-
avia, Czech Republic; Norilsk area, Ural Mts., Russia; Tui mine, Te Aroha,
New Zealand; Mina Coquimbana, Atacama, Chile, bm AM 40:555(1955),
NJMM:205(1971), 507(1974), AB1:208.

2.8.3.1 Polhemusite (Zn,Hg)S

Named in 1978 for Clyde Polhemus Ross (1891-1965), U.S. geologist, tet P4/
n.a—=_8.71, c= 1474, Z= 24, D = 4.23. 31-870: 3.636 3.167 3.08i0 1.898 1.617
1.226 1.096 1.026. Microscopic tetragonal crystals. Black, resinous to adaman-
tine luster. Knee-shaped twins with {605} as composition plane. H = 4,
VHNZX = 262. R = 17.1-18.3 (546 nm); moderately to strongly anisotropic.
B and B deposit, Big Creek district, Valley Co., ID; Getchell mine, Humboldt
Co., NV.bm AM 63:1153(1978), ABI1:415.

2.8.4.1 Xingzhongite (Ir,Cu)S

Named in 1974, presumably for the locality, iso Fd2m. a = 9.970, Z = 16,
D = 7.94. 29-551: 5.808 3.008 2.885 2.496 1.77i0 1.344 1.218 1.175. Microscopic
grains. Steel-gray, metallic luster. H = 6, VHN® = 753. R = 38.9 (544 nm).
Fox Gulch, Goodnews Bay, AK; China, locality not given; Tiebaghi,
New Caledonia, bom AM 61:184(1976), 69:412(1984), CM 26:177(1988),
ABI:582.



2.8.5.1 Cooperite PtS

Named in 1928 for Richard A. Cooper (1890-1972), South African metallur-
gist, who described the mineral. May contain up to 6% Pd. Dimorphous with
braggite. tet P42/rnmc. a = 3.47, ¢c= 6.10, Z= 2, D = 10.27. 26-1302: 3.052
3.0210 2.452 1.913 1.75! 1.741 1.51i 1.502. Crystal fragments and microscopic
grains. Steel-gray, metallic luster. Cleavage {Oil}, conchoidal fracture. H
= 4-5, VHNioo = 743-1018. G = 9.5. R = 39.4-47.2 (540 nm); strongly aniso-
tropic. Stillwater Complex, MT; in gravels, Trinity, Merced, and Stanislaus
rivers, CA; Lac des lies Complex, PG, and Tulameen district, BC, Canada;
Gusevogorskii and Norilsk deposits, Russia; Round Hill, near Orepuki, New
Zealand; at several localities along the Merensky Reef, Bushveld Complex,
Transvaal, South Africa, bom DI:258, AM 63:832(1978), R:696, P&J:129,
AB1:107.

2.8.5.2 Vysotskite PdS

Named in 1962 for N. K. Vysotskii, Russian geologist, discoverer of platinum
at Norilsk. Contains up to 17% Ni and 14% Pt. Forms a series with braggite.
tet P42/m. a= 6.371, c= 6.540, Z= 8, D = 6.40. 15-151: 2.91k, 2.86k, 2.647
2.61g 2.156 1.867 1-736 1.72g. Microscopic grains. Silver-white, metallic luster.
VHNIi® = 830. G—8.4. R = 45.1-45.8 (540 nm); moderately anisotropic.
Stillwater Complex, MT; near Moapa, Clark Co., NV; Yuba R., Nevada
Co., CA; Lac des lies Complex, ON, Canada; Konttijarvi Intrusion, Finland;
Norilsk, Russia; Merensky Reef, Transvaal, South Africa, bom ZVMO
91:718(1962); AM U8:708(1963), 63:832(1978); R:695; P&J-.102; AB1:565.

2.8.5.3 Braggite (Pt,Pd)S

Named in 1932 for W. H. (1862-1942) and W. L. (1890-1971) Bragg, pioneers
in the X-ray investigation of crystals. Contains up to 5% Ni. Forms a series
with vysotskite. tet P42/w. a = 6.38, c= 6.59, Z= 8, D = 8.90. 9-4-21: 2.933
2.86i0 2.643 1.853 1.712 1.602 1.423 1.392. Prisms to 2 cm and rounded grains.
Steel-gray, metallic luster. H = 5, VHN10 = 981. G = 8.9. R = 42.6-44.2 (540
nm); distinctly anisotropic. Stillwater Complex, MT; Norilsk, Russia; Round
Hill near Orepuki, New Zealand; Merensky Reef, Bushveld Complex, Transvaal,
South Africa, om DP.259, AM 63:832(1978), R:695, P&J-.102, ABI:67.

2.8.6.1 Polarite Pd(Bi,Pb)

Named in 1969 for the locality (Polar Ural Mts.). orth Om2i. a= 7.191,
b=8.693, c= 10.681, Z= 16, D = 12.51. 23-1298: 3.332 2.65i0 2.503 2.255
2.169 1.645 1.403 1.223. Microscopic grains. White with yellow tint, metallic
luster. H =4, VHN® = 168-232. R = 59.2 (540 nm); slightly anisotropic.
Goodnews Bay, AK; Talnakh, Norilsk, Russia; Union mine, Merensky Reef,
Transvaal, South Africa, bom ZVMO 98:708(1969), AM 55:1810(1970), R:36f,
ABI:41h-
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Wurtzite Group
Wourtzite minerals have the formula
AB
where
A = Cd, Zn
B=S, Se

and the structure is hexagonal, P63mc.

W urtzite Group

Space
Mneral Formula  Group a c D
Wurtzite Zns P 63mc 3.820 6.260 4.09 2.8.7.1
Greenockite cds P63tc  4.136 6.713 4.82 28.7.2
Cadmoselite CdSe P63mc 4299 7.010 566 2873

Notes:

1. The common 2H polytype of wurtzite is described above. Other polytypes with larger C
repeats are known.

2. See also the nickeline group, P63/mmc.

2.8.7.1 Wurtzite ZnS

Named in 1861 for Charles A. Wurtz (1817-1884), French chemist. Wurtzite
group. Trimorphous with sphalerite and matraite. May contain up to 8% Fe



and 4% Cd. hex P63wc. a = 3.820, ¢ = 6.260, Z= 2, D = 4.09 (the common
2H polytype; several polytypes with larger c-axis repeats are known). 5-
492(syn): 3.3110 3.139 2.938 2.273 1.917 1.765 1.635 1.30J. Hemimorphic pyr-
amidal crystals up to 1.5 cm; also massive and as botryoidal banded crusts.
Brown to black, brown streak, resinous to submetallic luster. Cleavage
{1120}, easy; {0001}, difficult. H = 3|-4. G = 4.0-4.1. R = 16.6 (540 nm).
Uniaxial (+); NO = 2.356, NE = 2.378. Occurs in hydrothermal veins and
on concretions in sedimentary rocks. Thomaston Dam, Litchfield Co., CT,;
Sterling Hill mine, Sussex Co., NJ; Union Bridge quarry, Frederick, MD;
Witmer(*), Allegheny Co., PA; Joplin, MO; Butte, MT; Gladenbach, Oden-
wald, Germany; Bleischarley mine, Brzezing, Giesche Spolka, Poland;
Pribram, Czech Republic; Mezica, Slovenia; Baia Sprie, Romania; Beregovsk,
Ukraine; Hercules mine, Mt. Read, TAS, Australia; Tsumeb, Namibia; Ani-
mas mine(*), Potosi, and Colquechaca, Llallagua, Oruro, and other localities,
Bolivia, bm D1:226, AM 35:29(1950), AC(B) 26:1192(1970), R:577, P&J:395,
AB1:579.

2.8.7.2 Greenockite CdS

Named in 1840 for Charles Murray Cathcart (1783-1859), Lord Greenock.
Wourtzite group. Dimorphous with hawleyite. hex P63toc. a = 4.136, ¢ = 6.713,
Z=2, D - 4.82. 6-314(syn): 3.588 3.376 3.1610 2.453 2.076 1.904 1.792 1.765.
Hemimorphic pyramidal crystals up to 3 cm and earthy coatings. Yellow to
red color and streak, resinous to adamantine luster. Cleavage {1122}, distinct;
{0001}, imperfect. H - 3-3A VHNXS = 98. G = 4.8-4.9. R = 19.6 (540 nm).
Uniaxial (+), NO = 2.506, NE = 2.529. Paterson(*), Passaic Co., and Frank-
lin and Sterling Hill, Sussex Co., NJ; Arlington quarry, Leesburg, VA, Frie-
densville, Lehigh Co., PA; Joplin, MO; Cerro Gordo, Inyo Co., CA;
Bishopton(*), Renfrewshire, Scotland; Pierrefitte, Hautes-Pyrenees, France;
Los Blancos mine, Sierra de Cartagena, Spain; Pribram, Czech Republic;
Kti-Teberda deposit, Caucasus Mts., Russia; Tsumeb, Namibia; Asunta
mine(*), Potosi, and Llallagua mines, Bolivia, bom DI1:228; AM 42:184(1957),
46:1382(1961); R:582; P&J:187; ABI1:194.

2.8.7.3 Cadmoselite CdSe

Named in 1957 for the composition. Wurtzite group, nex P63toc. a = 4.299,
c=7.010, Z= 2, D = 5.66. 8-459(syn): 3.7210 3.517 2.554 2.159 1.987 1.835
1.80i 1.462. Microscopic hexagonal pyramids. Black, black streak, resinous
to adamantine luster. Perfect cleavage, apparently prismatic. H = 4,
VHN - 203-222. G = 5.47. Tuva, Russia, bm ZVMO 86:626(1957), AM
43:623, R:582, ABI:76.

2.8.8.1 Hypercinnabar HgS

Named in 1978 for its trimorphous relationship with cinnabar and
metacinnabar, nex Space group unknown, a= 7.01, c= 14.13, Z= 12,
D - 7.54.19-798(syn): 3.7073.438 3.08102.9762.8092.246 1.9810 1.8910. Micro-



scopic grains in metacinnabar. Black with purple cast, dark purple streak,
adamantine luster. No cleavage. H = 3, VHN2X% = 51. G = 7.43. R = 25 (540
nm); distinctly anisotropic. Manhattan, Nye Co., NV; Mt. Diablo mine, Con-
tra Costa Co., CA; Gravelotte, northern Transvaal, South Africa, bm AM
63:1448(1978), AB 1:226.

2.8.9.1 Troilite FeS

Named in 1863 for Domenico Troili (1722-1792), Italian Jesuit, who observed
the mineral in the Albareto meteorite in 1766. hex P62c. a = 5.968, ¢ = 11.740,
Z=12, D = 4.84. 2U-80{syn): 4.73! 2.986 2.94i 2.664 2.0910 1.723 1.33l.
Rounded nodules in iron meteorites and anhedral grains in stony meteorites.
Bronze, gray streak, metallic luster. H = 4, VHN 1 = 250. G = 4.7-4.8. An
accessory mineral in most meteorites and in some lunar rocks. Terrestrial
occurrences rare: Alta mine, Del Norte Co., CA; Disko Is., Greenland, with
native iron in basalt, bom DI:231, SCI 167:621(1970), GCA 39:1°57(1975).

2.8.10.1 Pyrrhotite Fel xS (x = 0-0.2)

Named in 1835 from the Greek for redness, in reference to its color, mon A2/a.
a= 12811, b= 6.870, c- 11.885, p= 117.3°, Z= 32, D = 4.62 (the common-
est polytype, Fe7S8). 29-723: 2.989 2.6410 2.076 2.069 2.0510 1.728 1.60! 1.433.
Habit: Pseudohexagonal crystals rare; usually massive, granular; twinned on
{1012}. Structure: A modified nickeline structure, based on hexagonal close-
packed S atoms with Fe atoms in octahedral coordination. In the monoclinic
type, one in every eight Fe atoms is omitted (x —0.125). Physical properties:
Bronze to brown, tarnishing on exposure, gray-black streak, metallic luster.
No cleavage, basal parting, subconchoidal to uneven fracture, brittle. H = 3g-
4], VHNIO = 373-409. G = 4.6-4.7. Magnetic, varying inversely with Fe



content. Tests: Magnetism. Dissolves in HC1 with evolution of H2S. Chemis-
try: Usually pure iron sulfide; many analyses report minor Ni, but this is due
to admixed pentlandite. Optics: R = 30.3-31.0 (540 nm); distinctly anisotro-
pic. Occurrence: Mainly in mafic igneous rocks, frequently as magmatic
segregations; also in pegmatites, in high-temperature hydrothermal and repla-
cement veins, and as an accessory in metamorphic rocks. Localities: Widely
distributed throughout the world. Tilly Foster mine, Brewster, NY; Franklin,
NJ; Gap mine, Lancaster Co., PA; Galax, Carroll Co., VA; Ducktown, TN;
Butte, MT; Crestmore, CA; Sudbury, ON, and Bluebell mine(*), Riondell,
BC, Canada; Potosi and San Antonio mines(*), Santa Eulalia, CHIH, Mex-
ico; Falun, Sweden; Outokumpu, Finland; Andreasberg, Harz, Germany; Bot-
tino, Tuscany, ltaly; Herja(*)> Romania; Trepca(*), Serbia; Dalnegorsk(*),
eastern Siberia, Russia; many mines in Japan; Kambalda, WA, Australia;
Morro Velho(*), Nova Lima, MG, Brazil, bom DI.231, EG 70:82/(1975),
R:592, P&J-.315, ABI:U28.

2.8.10.2 Smythite Fe9S11

Named in 1957 for Charles H. Smyth, Jr. (1866-1937), U.S. economic geolo-
gist. May contain minor Ni. hex-r RSm. a = 3.47, ¢ = 34.50, Z= 3, D = 4.09.
25-1182: 11.5105.7522.9932.5732.2722.172 1.99! 1.742. Microscopic hexagonal
plates. Bronze-yellow, dark gray streak, metallic luster. Cleavage {0001},
perfect. VHN = 388. G = 4.06. Strongly magnetic. Strongly pleochroic and
anisotropic. Bloomington, Monroe Co., IN, inclusions in calcite crystals; near
Helena, Boulder Co., MT; Boron, Kern Co., CA; Silverfields mine, Cobalt,
and Nicopor mine, north of Schreiber, ON, and Bird River mines, Lac du
Bonnet, MB, Canada; Clara mine, Black Forest, and Hartenstein, Saxony,
Germany; Lengenbach quarry, Binn, Switzerland; Kerch Peninsula, Ukraine;
Kamaishi mine, lwate Pref.,, Japan; Wadi Kamal, Saudi Arabia, bm AM
12:309(1957), R:612, P&J:3U5, ABI:IB2.

Nickeline Group

The nickeline structure minerals have the general formula

AX
where
A = Ni, Co, Pt, Pd
X = As, Sb, Bi, Se, Te

and the structure is hexagonal, P63/mmc. In this structure, each X atom is
surrounded by six metal atoms in the corners of a trigonal prism. Each metal
atom is surrounded by six X atoms in an octahedral coordination. Even when
the ratio of atoms differs considerably from 1:1, most compounds will form the
structure. Nonstoichiometric compositions often result from vacant cation
sites. The vacant sites may be disordered; if they are ordered, superstructures



may be formed with lower symmetry. Pyrrhotite (2.8.10.1) is a monoclinic
variation on the nickeline structure due to regular vacancies in the metal
position.

Nickeline Group

Space

Mineral Formula Group a c D

Nickeline NiAs psaymmc 3609 5019 784 28111
Breithauptite ~ NiSb peammec 3926 5138 874 28112
Sederholmite  NiSe peaymmc 3624 5228 711 28113
Hexatestibio- ~ (Ni,Pd)(Sb,Te) presammc 398 535 894 28114

panickelite

Sudburyite PdSh peaimmec 4079 5587 941 28115
Kotulskite Pb(Te,Bi) peammc 419 567 826 28116
Sobolevskite  PdBi peaimme 423 569 118 28117
Stumpflite Pt(Sb,Bi) peymmc 4175 5504 1352 28118
Langisite (Co,Ni)As pes/mmec 3538 5127 817 28119
Freboldite CoSe peammc 3632 5301 756 28.11.10

Note: Many binary compounds of V, Cr, Mn, Fe, Co, Ni, Pd, and Rh with S, Se, Te, As, Sb,
and Bi have this structure or a related one. See, for example, the wurtzite structure group.

2.8.11.1 Nickeline NiAs

Named in 1832 for the composition. Nickeline group. Synonym: niccolite. nex
P63/mmc. a = 3.609, c=5.019, Z= 2, D = 7.84. 31-900: 2.6610 1.969 1.818
1.502 1.482 1.333 1.074 1.033. Crystals rare, pyramidal and often malformed;
usually massive, also reticulated and arborescent. Pale copper-red, tarnishing



to gray or black, black streak, metallic luster. No cleavage, may be twinned on
{1011} producing fourlings, conchoidal to uneven fracture, brittle. H = 5-5
G = 7.78. R = 47.0-51.6 (540 nm); strongly pleochroic and anisotropic. Alters
to annabergite. Soluble in aqua regia. Occurs in ore deposits with other Ni and
As minerals, with pyrrhotite and chalcopyrite in ore deposits derived from
norites, and in vein deposits with Co and Ag minerals. Chatham, CT; Frank-
lin, NJ; Keweenaw Penin., MI, in Cu deposits; Copper King mine, Boulder
Co., and Gem mine, Fremont Co., CO; Stanislaus mine, Calaveras Co., and
Long Lake, Inyo Co., CA; Cobalt, Gowganda, Sudbury, and Thunder Bay,
ON, and Great Bear Lake, NWT, Canada; Alistos, SIN, Mexico; Chal-
canches, Isere, France; Andreasberg, Mansfeld, and Eisleben, Harz, and Frei-
berg, Annaberg, Schneeberg, and Sangerhausen, Saxony, Germany;
Jachymov, Czech Republic; Schladming, Styria, Austria; Talmessi mine,
near Anarak, lran; Ait Ahmane mine, near Bou-Azzer, Morocco; Cocha-
bamba, Cercado, Bolivia, bom DI:236, R:615, P&J:278, AB1:350.

2.8.11.2 Breithauptite NiSb

Named in 1845 for Johann F. A. Breithaupt (1791-1873), German mineralo-
gist. Nickeline group, hex PG™mmc. a = 3.926, ¢ = 5.138, Z= 2, D = 8.74.1*1-
1U39\ 2.8410 2.067 1.977 1.612 1.533 1.422 1.252 1.073. Tabular crystals rare,
usually massive. Light copper-red, red-brown streak, metallic luster. No clea-
vage, brittle. H =51 G = 7.59-8.23. R = 41.078.6 (540 nm); distinctly pleo-
chroic and anisotropic. Occurs in hydrothermal veins associated with Co-Ni
Ag ores. Coyote Peak, Humboldt Co., CA; many mines in the Cobalt
area, ON, Canada; Sulitjelma, Norway; Andreasberg, Harz Mts., Germany;
Sarrabus, Sardinia, Italy; Tunaberg, Saxberget, and Langsjon, Sweden;
Norilsk, Russia; Broken Hill, NSW, Australia, bm DI:238, R:623, P&J-.107,
ABI:69.

2.8.11.3 Sederholmite NiSe

Named in 1964 for Jakob J. Sederholm (1863-1934), director of the Geological
Survey of Finland. Nickeline group, nex PG”~mmc. a —3.624, ¢ = 5.288,
Z=2,D=7.11.18-888:2.70i02.02¢9 1.816 1.544 1.504 1.353 1.163 1.083. Micro-
scopic grains. Brass yellow, metallic luster. Strongly anisotropic. Occurs with
other nickel selenides in calcite veins at Kuusamo, northeastern Finland, om
AM 50:519(1965), R:625, P&J:339, ABI.%66.

2.8.11.4 Hexatestibiopanickelite (NifPd)(Sb,Te)

Named in 1974 for the crystal system and composition. Nickeline group, hex
P63/mmc. a= 3.98, c- 535 Z= 2, D = 8.94. 29-932: 2.89102.118 1.997 1.644
1585 1.453 1.343 1.116. Brown-gray, metallic luster. H = 2, VHN = 75-108.
R = 58.2-62.3 (590 nm); weakly anisotropic. Southwestern China, in Cu-Ni
sulfide deposit, bom AM 61:182(1976), AB1:218.



2.8.11.5 Sudburyite PdSb

Named in 1974 for the locality. Nickeline group. Contains up to 8% Ni. hex
P~Ammc. a= 4.079, c= 5587, Z- 2, D = 9.41. 26-888(syn): 2.987 2.1810
2.037 1.496 1.305 1.208 1.156 1.084. Microscopic grains. White, metallic luster.
H=4-49 VHNZX% = 281-311. Gsyn= 9.37. R = 59.3-62.8 (540 nm); moder-
ately anisotropic, yellow-gray to dark gray. Blue Lake, PQ, and Frood and
Copper Cliff South mines, Sudbury, ON, Canada, as tiny inclusions in cobaltite
and maucherite, and in heavy-mineral concentrates; Danba, Sichuan Prov.,
China; Witwatersrand, South Africa, bm CM 12:275(1971/), AM 61:178(1976),
P&J-.Ull, AB1:505.

2.8.11.6 Kotulskite Pd(Te,Bi)

Named in 1963 for Vladimir K. Kotulskii (1879-1951), Russian geologist.
Nickeline group, hex P63/rmnc. a = 4.19, ¢ = 5.67, Z= 2, D = 8.26. 15-391/.:
3.05i0 2.2492.099 1.537 1.337 1.248 1.217 1.178. Microscopic grains. Steel-gray,
metallic luster. No cleavage. VHNigp = 222. R = 59.6-67.4 (540 nm); strongly
anisotropic. An accessory mineral in many Pt deposits. Stillwater Complex,
MT; New Rambler mine, Albany Co., WY; Key West mine, Clark Co., NV;
Sudbury, Lac des lies Complex, and Thierry mine, ONT, Canada; Monche-
gorsk deposit, Kola, and Norilsk, Russia; Shiaonanshan, Inner Mongolia, and
Danba, Sichuan, China; Merensky Reef, Transvaal, South Africa, bm ZVMO
92:33(1963), AM 1/8:1181(1963), EG 71:1159(1976), R:838, P&J:1/06.

2.8.11.7 Sobolevskite PdBi

Named in 1975 for Petr G. Sobolevski (1781-1841), Russian mineralogist.
Nickeline group, nex P63/mmc. a= 4.23, c= 5.69, Z= 2, D = 11.88. 29-238:
3.07i0 2.2610 2.119 1.744 16%6 1.344 1.244 1.185. Microscopic grains. Gray-
white, metallic luster. H = 4, VHN3 = 236. R = 52.4-57.7 (540 nm); strongly
anisotropic, pale cream to red-brown. Oktyabr mine, Talnakh, Norilsk, Russia,
in chalcopyrite ore; Lubin copper mine, Zechstein, Poland, em ZVMO
10h:568(1975), AM 61:1051/(1976), TMPM 28:1(1981), AB 1:1/83.

2.8.11.8 Stumpflite Pt(Sb,Bi)

Named in 1972 for Eugen F. Stumpfl (b.1931), Austrian mineralogist. Nicke-
line group, nex P63/mmc. a = 4.175, ¢=5.504, Z= 2, D —13.52. 25-11/82:
3.626 3.03lo0 2.1910 2.098 1.724 1.515 1.224 1.155. Microscopic grains. Cream-
white, metallic luster. H =5, VHN& = 385. R = 59.3-63.0 (540 nm); pleo-
chroic and anisotropic, cream to yellow-brown. Driekop mine, Transvaal,
South Africa, in platinum concentrates; near Nizhni Tagil, Russia, om BM
95:610(1972), AM 59:211(1971/), P&J:356, AB1:503.



2.8.11.9 Langisite (Co,Ni)As

Named in 1969 for the locality. Nickeline group, hex P63/wmc. a = 3.538,
c= 5127, Z= 2, D = 8.17. 24-333: 3.072 2.6310 1.979 1.778 1.494 1.47s 1.32a
1.143. Microscopic grains. Pink-buff, metallic luster. H = 6, VHNX = 780-
857. R = 46.1-47.4; moderately anisotropic, blue-gray to light brown. Langis
mine, Cobalt, ON, Canada, in Co ore. bom CM 9:597(1969), AM 57:1910 (1972),
ABI:28U.

2.8.11.10 Freboldite CoSe

Named in 1957 for Georg Frebold (b.1891), German mining engineer. Nicke-
line group, hex P63/mmc. a= 3.632, c=5.301, Z=2, D = 7.56. 15-46)2.45
2.0510 1.7151.085 1.07100.995 0.9610. Microscopic grains. Copper-red, metallic
luster. Temple Mt., Emery Co., UT; Pinky Fault U deposit, SK, Canada;
Trogtal quarry and Andreasberg, Harz, and Hartenstein, Saxony, Germany, bm
NJMM :133(1955); AM 41:164(1956), U:907(1959); R:614; AB 1:161.

2.8.12.1 Covellite CuS

Named in 1832 for Niccolo Covelli (1790-1829), who described the mineral
from Vesuvius. Isostructural with klockmannite (2.8.12.2). hex P6s/mmc.
a= 37938, c= 16.341, Z= 6, D = 4.68. ff-~(syn): 3.223 3.057 2.81i0 2.726
1.909 1.744 1.572 1.564. Hexagonal plates, also massive or spheroidal. Based on
a hexagonal framework of sulfur atoms with copper in triangular and tetra-
hedral coordination. Indigo-blue to black, sometimes highly iridescent in
brass-yellow and deep red, lead-gray to black streak, submetallic luster inclin-
ing to resinous. Cleavage {0001}, perfect; flexible in thin leaves. H = 1|-2,
VHNioo = 128-138. G = 4.6-4.7. R = 6.8-21.9 (540 nm); pleochroic, deep blue
to blue-white; strongly anisotropic. Easily fusible; when heated burns with a
blue flame and fuses to a globule. Covellite is associated with other copper
minerals in the zone of secondary enrichment; it is a primary mineral in a few
places. Rarely as a volcanic sublimate (Vesuvius). Franklin, NJ; Summit-
ville(*), Rio Grande Co., CO; Butte(*), MT; many localities in AZ, including
Bisbee, Ajo, Mammoth, Globe-Miami, and Clifton-Morenci; Darwin mines,
Inyo Co., CA; Kennecott, AK; Copper Mountain mine, BC, Canada; Dillen-
burg, Hesse, Germany; Alghero(*), Sardinia, Italy; Bor(*), Serbia; Moonta,
SA, Australia, bm DI1:248, R:676, P&J:132, ABI:112.

2.8.12.2 Klockmannite CuSe

Named in 1928 for Friedrich Klockmann (1858-1937), German mineralogist.
hex P6s/mmc. a= 3.94, c= 17.25, Z= 6, D = 6.12. Isostructural with covel-
lite (2.8.12.1). 6-427: 3.356 3.1892.88i02.1932.004 1.978 1.826 1.625. Granular
aggregates. Slate-gray, tarnishing to blue-black, metallic luster. Perfect basal
cleavage. H = 3, VHNI100 = 82-104. Ggyn= 5.99. R = 15.8-37.4 (540 nm);
strongly anisotropic. Montreal R., ON, and Beaverlodge Lake, SK, Canada;
Moctezuma, SON, Mexico; Lehrbach and Tilkerode, Harz, Germany; Skri-
kerum, Kalmar, Sweden; Bukov and Petrovice, Czech Republic; Sierra de



Umango and Sierra de Cacheuta, La Rioja, Argentina, bm DI:251, AM
3735(19119), R:681, P&J:221>, ABI:267.

2.8.13.1 Vulcanite CuTe

Named in 1961 for the locality, orth Pmmn. a —3.16, b= 4.08, ¢ —6.93,
Z=2,D =711 22-252(syn): 3.507 2.878 2.3452.315 2.0210 1.667 1.52s 1.445.
Microscopic prismatic grains. Light bronze to yellow-bronze, metallic luster.
Two cleavages, probably pinacoidal. H = 1-2, VHNX = 34-40. R = 15.2-67.8
(540 nm); strongly pleochroic and anisotropic. Good Hope mine, Vulcan, Gun-
nison Co., CO; Bryngovsk Au-Te deposit, Yral Mts., Russia; Iriki mine,
Kagoshima Pref., Japan, bom AM US:258(1961L5, R:U19, P&J-.385, ABI:56U-

2.8.14.1 Cinnabar HgS

Name is from medieval Latin cinnabaris, probably derived from Persian zinji-
frah, apparently meaning dragon’s blood, in allusion to its red color. Trimor-
phous with metacinnabar and hypercinnabar, nex-r P3X21. a = 4.149,
c= 9595 Z=3 D = 819. 6-256{syn): 3.36i0 3.173 2.869 2.073 1.984 1.772
1.743 1.683. Habit: Crystals rhombohedral or thick tabular on {0001} to
short prismatic; commonly in crystalline incrustations, granular, massive, or
as an earthy coating. Twinning common with {0001} as twin plane, simple
and penetration. Structure: Consists of helical —Hg— S— Hg— S— chains
parallel to the hexagonal ¢ axis. Physical properties: Scarlet-red, darkening on
exposure to light, scarlet streak, adamantine to submetallic luster. Cleavage
{1010}, perfect; somewhat sectile. H = 2-2 VHNI10= 82-156. G = 8.1-8.2.
Tests: Heated in an open tube gives Hg vapor, which condenses to a silvery
coating. Chemistry: Pure HgS. Optics: Uniaxial(+); NO = 2.905, NE = 3.256.
R = 28.4-29.2 (540 nm); strongly anisotropic. Occurrence: Cinnabar is the
most abundant mercury mineral. It occurs in veins or impregnations formed
at relatively low temperatures near recent volcanic rocks or in hot-spring
areas. Localities: Cinnabar is widely distributed and only the more significant
localities can be given. Terlingua, Brewster Co., TX; Poverty Peak, Hum-
boldt Co., and near Lovelock, Pershing Co., NV; New ldria(*), New Alma-
den, and other localities, CA; Almaden(*), Spain; Monte Amiata, Italy;
Idria(*), Slovenia; Mt. Avala(*), Serbia; Nikitova, Ukraine; Hydercahn(*),
Ferghana Basin, Uzbekistan; Tsar Tien mine(*), Hunan Prov., China; Kil-
kivan, near Gympie, Q, Australia; Bau(*), Sarawak; Huancavelica(*), Peru.
Uses: The principal source of mercury and its compounds, bm DI1:251, R:673,
P&J-.122, AB 1:100.

2.8.15.1 Matraite ZnS

Named in 1958 for the locality. Trimorphous with sphalerite and wurtzite.
hex-r R3m. a= 3.8, c= 9.4, Z= 3, D = 4.13. Pyramidal crystal aggregates.
Yellow-brown, vitreous luster. Telluride, San Miguel Co., CO; Matra Mts.,
Hungary, om AM k5:1131(1960), AB 1:316.



2.8.16.1 Millerite NiS

Named in 1845 for William H. Miller (1801-1880), English mineralogist, who
first studied the crystals, hex-r RSm. a = 9.620, ¢= 3.149, Z= 9, D = 5.37.
12-71: 4.816 2.954 2.7810 2.517 2.236 1.869 1.825 1.744. Needlelike crystals,
commonly in radiating groups, also massive. Brass-yellow, often with an iri-
descent tarnish, green-black streak, metallic luster. Cleavage {1011}, {0112},
perfectt. H = 3-3+, VHN2 = 179. G =5.3-5.5. R =52.9-54.8 (540 nm);
strongly anisotropic. Normally, a mineral of low-temperature origin, it occurs
rather commonly as tufts of capillary crystals in cavities in limestone or
dolostone; also as a late mineral in nickel sulfide deposits. Sterling mine(*),
Antwerp, NY; Gap mine(*), Lancaster Co., PA; Keokuk(*), 1A, many local-
ities in Paleozoic limestones in the Mississippi valley; Temagami(*), ON,
Marbridge mine, La Motte Twp., PQ, and Thompson mine(*), MB, Canada;
Miisen(*) and Wissen(*), North Rhine-Westphalia, Germany; Kotalahti, Fin-
land; Jachymov, Czech Republic; Kambalda and Black Swan, WA, Australia;
Mina Carlote, Cuba, bm D1.239, CM 12:21*8(1971*), EG 69:391,1335(1971%*),
R:626; P&J:270, ABI:333.

2.8.16.2 MSkinenite NiSe

Named in 1964 for Eero Makinen (1886-1953), Finnish geologist, hex-r RZm.
a=10.01, c=3.28, Z=9, D = 7.23. 18-887: 4.996 2.8810 2.6310 2.3310 1.9510
1.814 1.714 1.674. Microscopic grains. Yellow, metallic luster. H = 3.
R = 47.4-48.8 (540 nm); strongly pleochroic and anisotropic. Occurs with
other nickel selenides in calcite veins at Kuusamo, northeastern Finland, om
AM 50:519(1965), R:630, P&J:252, AB1:308.

2.8.17.1 Ruthenarsenite RuAs

Named in 1974 for the composition. Contains minor amounts of Ir, Os, Rh,
Pd, and Ni. orth Pnma. a —5.628, b= 3.239, c= 6.184, Z= 4, D = 9.81.
26-91*7: 2.893 2.707? 2.125 2.0610 1.784 1.754 1.344 1.304. Microscopic grains.
Pale brown, metallic luster. H =6, VHNI10b= 743-933. R = 47.5-495
(546 nm); distinctly pleochroic and anisotropic. Papua New Guinea, in nug-
gets of rutheniridosmine; Anduo, Tibet, China; Onverwacht mine, Witwaters-
rand, South Africa, bm CM 12:280(1971%*), AM 61:177(1976), AB 1:1*52.

2.8.17.2 Cherepanovite RhAs

Named in 1985 for Vladimir A. Cherepanov (1927-1983), Russian
mineralogist, orth Pnma. a = 5.70, b= 359, ¢ —6.00, Z= 4, D = 9.72. 38-
1*07: 3.0lio 2.106 2.01i 1.915 1.812 1.772 1.732 1.502 1.352. Microscopic grains.
Gray-white, gray-black streak, metallic luster. One distinct cleavage. H = 6,
VHNS = 726-754. R = 43.6-45.5 (540 nm); weakly pleochroic and anisotro-
pic. Koryak-Kamchatka ophiolite belt, Russia, bm ZVMO 1U*:1*61*(1985), AM
71:151*1*(1986), ABI:95.



2.8.18.1 Modderite CoAs

Named in 1924 for the locality. Contains up to 9% Fe. orth Pmcm. a = 3.458,
b= 5.869, c= 5292, Z= 4, D = 8.28. 0-ft*(syn): 2.599 2.556 2.065 1.97m 1-705
1.445 1.215 1.056. Microscopic grains. Black, metallic luster. H = 4,
VHN = 26. Modderfontein mine, Witwatersrand, South Africa, in heavy-
mineral concentrate; Dashkesan deposit, Azerbaijan, bm D1:21*2, ZVMO
106:31*7 (1977), R:625, AB 1:331*

2.8.19.1 Westerveldite (Fe,Ni)As

Named in 1972 for Jan Westerveld (1905-1962), Dutch mineralogist, ortnh
Pnam. a= 5.436, b= 6.024, c= 3372, Z= 4, D = 7.86. 12-799{syn): 2.646
2.5910 2.122 2.084 2.024 2.006 1.733 1.692. Microscopic grains. Gray, metallic
luster. H = 6-7, VHNZ = 707-798. G = 8.13. R = 43.4-47.9 (540 nm); dis-
tinctly pleochroic and anisotropic. Birchtree mine, near Thompson, MB,
Canada; Ilimaussaq intrusion, near Narssaq, Greenland; La Gallega mine,
near Ojen, Malaga, Spain; Tunaberg, Sweden; Seinajoki, Finland, bm AM
57:351*%(1972), CM 12:137(1973), P&J:389, ABI:571*,

Tsumoite Group

The tsumoite group is a rhombohedral group of bismuth minerals with the
general formula

BiX or a multiple thereof
where
X =S, Se, Te
and the mineral is isostructural with tsumoite in space group P3ml. The struc-

ture is similar to that of the arsenic, joseite, and tetradymite group minerals.

Tsumoite Group

Space
Mireral Formula  Group a c
Tsumoite BiTe PZml 4422 24050 2.8.20.1
Sulphotsumoite Bi3Te2S P2ml 4316 2343 2.8.20.2
Nevskite BiSe P3ml 4.18 22.8 2.8.20.3
Ingodite BiZTeS PZml 4248 23.075 2.8.204

Note: The poorly characterized mineral platynite (2.8.21.1), (Bi,Pb)(Se,S) may belong to the
group.
2.8.20.1 Tsumoite BiTe

Named in 1978 for the locality. Tsumoite group, hex-r P3ml. a = 4.422,
c = 24.050, Z= 6, D = 8.23. 31-200{syn): 3.2310 2.364 2.218 2.00! 1.822 1.61i



1.48!, 1.411. Tabular crystals. Silver-white, steel-gray streak, metallic luster.
Cleavage {0001}, perfect. H=2 -2 VHN1ID = 59. G = 8.16. R = 58.1-59.6
(546 nm); moderately anisotropic. Sylvanite, Hidalgo Co., NM; Tunaberyg,
Sweden; Tyrnauz, Caucasus Mts., and Magadan region, eastern Siberia, Rus-
sia; Tsumo mine, Shimane Pref., Japan, om AM 63:1162(1978), 76:257(1991);
ABI:5U0; EM 5:165(1993).

2.8.20.2 Sulphotsumoite Bi3Te2S

Named in 1982 for its relationship to tsumoite. Tsumoite group, nex-r P3ml.
0= 4316, c= 2343, Z=2, D = 8.03. 387U 2.4.673 3.1610 2.326 2.165 1.963
1.784 1.583 1.374. Microscopic aggregates. Gray-white, metallic luster. Perfect
basal cleavage. H = 2, VHN5 = 64-66. R = 53.6-57.3 (540 nm). Egerlyakh
deposit, Yakutia, and Magadan region, Russia, om ZVMO 11:316(1982); AM
68:1250(1983), 76:257(1991); ABI1:507.

2.8.20.3 Nevskite BiSe

Named in 1984 for the locality. Tsumoite group, nex-r P3ml. a= 4.18,
c= 228, Z= 6, D = 8.31. 29-276(syn): 22.82 4.56j 3.582 3.06i0 2.244 2.093
1.90i 1.732. Microscopic grains. Lead-gray, metallic luster. Perfect basal clea-



vage. H = 2-3, VHN = 60-114. R = 50.5-55.5 (540 nm); distinctly anisotro-
pic. Nevskii Sn deposit, Magadan district, Russia, bm ZVMO 113:351(198U),
AM 70:875(1985), AB 1:3"7.

2.8.20.4 Ingodite Bi2leS

Named in 1981 for the locality. Tsumoite group. Synonym: griinlingite. hex-r
P3ml. a= 4.248, c= 23.075, Z= 3, D = 7.98. k1-1U08: 4.592 3.10i02.2752.134
1.933 1.655 1.253 1.223. Lamellar masses. Steel-gray, metallic luster. Perfect
basal cleavage. H = 2, VHNXS = 60. R = 52.4-57.8 (540 nm); moderately
pleochroic and anisotropic. Bluebird mine, Cochise Co., AZ; Brandy Gill,
Cumbria, England; Baita Bihor, Romania; Ingoda deposit, Transbaikal, Rus-
sia. BM ZVMO 110:597(1981); AM 67:855(1982), 76:257(1991); AB1:235.

2.8.21.1 Platynite (Bi,Pb)(Se,S)

Named in 1910 from the Greek to broaden, in allusion to its platy habit, hex-r
R3m. a= 849, c=20.80, Z= 12, D = 7.45. ZVMO 118: 5.452 3.9710 3.392
2.974 2.932 2.602 2.552 1.982. Thin plates to 3 cm and aggregates of anhedral
grains. Silver-gray to steel-gray, black streak, metallic luster. Cleavage
{0001}, perfect; {1011}, fair. H = 2-3, VHN = 70-100. G = 7.98. R = 45-52
(540 nm). Falun, Sweden; Baltic Shield, Russia, bm DI:U7U, NJMM
15U1963), ZVMO 118(3):22(1989), AM 76:305(1991), ABI.%11.

2.8.22.1 Realgar AsS

Named in 1747 from the Arabic for powder of the mine. Dimorphous with
pararealgar. mon P2Uti. a= 9.324, b= 13534, c= 6.585 p= 106.43,
Z =16, D = 3.,57. **-77(syn): 6.034 5.736 5.4110 3.168 3.056 2.985 2.936 2.727.
Habit: Crystals uncommon, generally short prismatic and striated parallel to
¢; usually coarse to fine granular or as an incrustation. Contact twins on
{100}. Structure: Consists of separate cagelike As4S4 molecules. Physical prop-
erties: Red to orange-yellow color and streak, resinous to greasy luster. Clea-
vage {010}, good; {101}, {100}, {120} indistinct; sectile. H = 1]-2. G = 3.5-
3.6. Disintegrates on long exposure to light to a red-yellow orpiment-bearing
powder. Tests: Characteristic color and hardness; emits a garlic odor on heat-
ing. Chemistry: Pure AsS. Optics: Biaxial (-); Nx= 2.538, Ny = 2.684,
N2= 2.704; 2V = 40°. Pleochroic, nearly colorless to pale golden yellow.
Occurrence: As a minor constituent in hydrothermal sulfide veins with orpi-
ment and other As minerals; also sporadically in limestones, dolostones, and
claystones, and as a sublimate in fumaroles. Localities: Only the more signifi-
cant are listed. Norris Basin, Yellowstone, WY; Mercur(*), Tooele Co., UT;
Getchell mine(*), Humboldt Co., and White Caps mine(*), Nye Co., NV;
Franklin(*), King Co., and Monte Cristo(*), Shohomish Co., WA; Boron,
Kern Co., CA; Noche Buena, ZAC, Mexico; Matra, Corsica, France; Andreas-
berg, Harz, and Freiberg, Saxony, Germany; Lengenbach, Binn, Switzerland;
Baia Sprie, Cavnic(*), and Sacaramb(*), Romania; Allchar(*), Macedonia;



Shimen(*), Hunan, China; Nishinomaki mine, Gumma Pref., Japan, bm
DI1:255, AC 5:775(1952), R:889, P&J:32h, ABI:h36.

2.8.22.2 Pararealgar ASS

Named in 1980 for its relationship to realgar, mon P2i/c.a = 9.909, b = 9.655,
C=8.502, p= 97.29°, Z= 16, D = 3.50. 33-127: 5.5695.1410 4.903 3.758 3.305

3.114 3.035 2.80r. Powdery to granular aggregates. Yellow to orange-brown,
bright yellow streak, vitreous to resinous luster. No cleavage, uneven fracture.
H=1-19 G=3.52. N > 2.02. Golconda mine, Humboldt Co., NY; Hemlo Au
deposit, near Marathon, ON, and Mt. Washington and Gray Rock, BC,
Canada; Lengenbach, Binn, Switzerland. Probably occurs with realgar at
other localities, sm CM 18:525(1980); AM 66:1277(1981), 80:400(1985);

ABI1:387.

2.8.22.3 Uzonite As4S5

Named in 1985 for the locality, mon P2i(m. a= 7.94, b= 8.08, ¢= 7.10,
P=100.1°, Z= 2, D = 3.41. 39-331: 5.8110 5.316 3.608 3.106 2.918 2.826 2.755

2.035. Microscopic prismatic crystals. Yellow, pearly luster. Cleavage {001},
distinct. H =1g, VHN8= 66-71. R = 19.4-20.0 (550 nm). Uzon caldera,
Kamchatka, Russia, om ZVMO 114:369(1985), AM 71:1280(1986), ABI1:553.

2.8.22.4 Alacranite As8S9

Named in 1986 for the locality, mon C2/c. a= 9.92, b= 9.48, c¢= 8.91,
P= 100.83°, 2= 2, D = 3.46. 25-57: 5.758 5.014 3.937 3.208 3.087 3.0110 2.826
2.533. Microscopic prismatic crystals. Orange-yellow, orange-yellow streak,
greasy or adamantine luster. Cleavage {100}, imperfect; conchoidal fracture.
H=1+ VHN2=69. G= 343, R = 13.2-145 (550 nm). Biaxial (+);



Nx—2.39, Nz= 2.52. Uzon caldera, Kamchatka, Russia; Mina Alacran,
Chile, bm ZVMO 115:360(1986); AM 55:1338(1970), 73:189(1988); ABI:6.

2.8.23.1 Herzenbergite SnS

Named in 1934 for Robert Herzenberg (b.1885), German chemist, orth Pbnm.
a—4.328, 6= 11190, c= 3.978, Z= 4, D = 5.20. U-620(syn): 3.42i 3.242
2.833 2.7910 2.312 2.02! 1.99i 1.407. Fine-grained aggregates. Black, black
streak, metallic luster. Cleavage {001}. H=2. G=5.16. R = 43.2-49.9
(540 nm); strongly anisotropic. Jarkvissle, Vasternorrland, Sweden; Golub
deposit, Primorskiy Kray, Russia; Hoei Sn mine, Oita Pref., Japan; Stiepel-
mann mine, near Arandis, Namibia; Maria-Teresa mine, Huari, Bolivia, bm
DI1:259, R:669, P&J:h05, ABI:215.

2.8.24.1 Empressite AgTe

Named in 1914 for the locality, ortn Space group uncertain, probably Pmnm.
a=8.90, 6= 20.07, c= 4.62, Z= 16, D = 7.58.16-U12: 4.024 3.816 3.336 3.185
2.7010 2.238 2.145 2.045. Granular and compact masses. Pale bronze, gray-
black to black streak, metallic luster. No cleavage, uneven to subconchoidal
fracture, brittle. H = 3|, VHNZX% = 139. G = 7.5-7.6. Empress Josephine mine,
Saguache Co., and Red Cloud mine, Boulder Co., CO; Tombstone, AZ; Grotto
deposit, near Pitman, BC, Canada; Kochbulak deposit, Uzbekistan; Kawazu
mine, Shizuoka Pref., Japan; Emperor mine, Vatakuola, Fiji; Kalgoorlie, WA,
Australia, bm DI1:260, AM k9:325(196k), R:U25, AB 1:11*6.

2.8.25.1 Muthmannite (Ag,Au)Te

Named in 1911 for Friedrich W. Muthmann (1861-1913), German chemist
and crystallographer. ortn Space group unknown, a = 7.211, 6= 4.425,
c=5.100, Z= 4, D = 11.43. U2-1377: 5.092 3.0310 2.945 2.118 1.953 1.703
1.323 1.043. Tabular crystals. Brass-yellow, gray-white on fresh fracture,
metallic luster. Perfect cleavage in zone of elongation. H = 2  Sacaramb,
Romania, om DI1:260, ABI:3U3.

Chalcopyrite Group

The chalcopyrite minerals are isostructural sulfides and selenides with the
formula

CuBX2
where
B = Fe, Ga, In
X =S, Se

and the structure is related to that of sphalerite, with a doubled c spacing.
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Chalcopyrite Group

Space
Mireral Formula ~ Group a c D
Chalcopyrite CuFeS2 112d 5289 10423 418 2911
Eskebomite CuFeSe2 112d 5518 11048 545 2912
Gallite CuGaS2 112d 5351 10484 437 2913
Roquesite CulnS2  112d 5523 11141 474 2914

Notes:

1. See also the chalcocite group for a discussion of other copper sulfides.

2. The stannite group minerals have essentially the same structure, adjusted for a
greater diversity of elements.

2.9.1.1 Chalcopyrite CuFeS2

Named in 1747 from the Greek for brass and pyrite. Chalcopyrite group, tet
112d. a = 5.289, c = 10.423, Z= 4, D = 4.18. 35-752: 3.0410 2.64! 1.872 1.864
1593 1.57i 1.21' 1.08!. Habit: Equant tetrahedral crystals often modified by
scalenohedral faces, up to 10 cm; often massive, compact. Twinned on {112}
and {012}, penetration or cyclic. Structure: The structure is very similar to
that of sphalerite. The ordered distribution of Cu and Fe atoms results in a
tetragonal unit cell with ¢ double the pseudocube edge. Physical properties:
Brass-yellow, often with an iridescent tarnish, green-black streak, metallic
luster. Cleavage {Oil}, sometimes distinct; uneven fracture, brittle. H = 3|-
4, VHNioo = 187-203. G = 4.1-4.3. Tests: On charcoal fuses to a magnetic
globule. Soluble in HN 03 with separation of S, and gives a green  solution.
Chemistry: Usually pure CuFeS2, but Se may replace S to a minor extent.
Optics: R = 35.1-36.4 (540 nm); weakly anisotropic. Occurrence: The most
widespread copper mineral and the most important source of that metal,



formed under a great variety of conditions. It is a primary mineral in
hydrothermal veins, disseminations, and massive replacements. It is the
primary mineral in most porphyry-copper deposits. It is often associated
with large masses of pyrite. Localities: Only a few outstanding localities
can be mentioned. French Creek, Chester Co., PA; Tri-State mining
district, MO-KS-OK; ldaho Springs, Clear Creek Co., CO; Santa Rita
and Bayard, Grant Co., NM; Bisbee, Tombstone, Globe-Miami, and CIif-
ton—Morenci, AZ; Darwin mines, Inyo Co., and many other localities in CA;
Noranda mine, Rouyn district, PQ, and Sudbury and Kidd Creek, ON,
Canada; Cananea, SON, and Concepcion del Oro, ZAC, Mexico; Redruth,
Carn Brea, Liskeard, and other localities in Cornwall, England; Falun, Swe-
den; Outokumpu, Finland; Siegen and Neunkirchen, Westphalia, Germany;
Bourg d’Oisans, lIsere, France; Rio Tinto, Spain; Cavnic, Herja, and Baia
Sprie, Romania; near Chenzu, Hunan, China; Ani mine, Akita, and Ashio
mine, Taguchi, Japan; Nababiep mine, Cape Prov., and Messina, Transvaal,
South Africa; Cobar, NSW, Moonta, SA, and Mt. Lyell, TAS, Australia;
Casapalca, Peru; Braden mine, Chile, bm DI:219, AC(B) 29:579(1973),
R:526, P&J-.118, ABI:89.

2.9.1.2 Eskebornite CuFeSe2

Named in 1949 for the locality. Chalcopyrite group, tet 142d. a = 5.518,
c=11.048, Z= 4, D = 5.45. U-312: 5.539 3.199 2.486 1.96k, 1678 1.395 1.275
1.136. Microscopic tabular crystals. Brass-yellow, tarnishing to dark brown to
black, metallic luster. Cleavage {001}, perfect. H = 3-3|, VHNI1D = 116.
G =535 R =129.4-35.0 (540 nm); markedly anisotropic. Martin Lake
mine, Lake Athabaska, SK, Canada; Eskeborn adit, Tilkerode, Harz, Germany;
Chameane, Puy-de-Dome, France; Nove Mesto, Moravia, Czech Republic;
Habri, Peru; Sierra de Cachueta and Sierra de Umango, Argentina, bom FM
28:69(1979), CM 10:786(1971), R:612, P&J:156, NJMM:337(1988).

2.9.1.3 Galiite CuGaS2

Named in 1958, the first gallium mineral. Chalcopyrite group, tet I1A2d.
a= 5351, c= 10484, Z= 4, D = 4.37. 25-279(syn): 3.0610 1.89B 1.87g 1.616
1.342 1.232 1.223. Microscopic grains and exsolution lamellae. Gray, gray
streak, metallic luster. H = 3-31 G = 4.2. R = 19.2 (540 nm); weakly aniso-
tropic. Pinal del Rio Prov., Cuba; Radka and Chelopech deposits, Bulgaria;
Prince Leopold mine, Kipushi, Zaire; Tsumeb, Namibia, bm NJIJMM:
2*1(1958), R:51%2, P&J:173, ABI:173.

2.9.1.4 Roquesite CulnS2

Named in 1963 for Maurice Roques (b.1911), French geologist. Chalcopyrite
group, tet 142d. a=5.523, ¢= 11.141, Z= 4, D = 4.74. 27-159(syn): 4.95!
3.2010 2.79! 2.76i 1.963 1.95i 1.68i 1.67i. Microscopic grains. Gray with a
bluish tint, metallic luster. H = 4, VHN1b = 241. R = 22.2-22.5 (540 nm);
very weakly anisotropic. Mt. Pleasant, NB, Canada; Geevor mine, Penzance,



Cornwall, England; Langban, Varmland, Sweden; Charrier, Allier, France;
Syrymbet, Kazakhstan; Tosham Sn prospect, Haryana, India; Akenobe and
Ikuno mines, Hyogo Pref., Japan; Ulsan mine, Korea, bm BM 86:7(1963), AM
57:1202(1969), R:5U, P&J:329, ABI:U5.

2.9.1.5 Lenaite AgFeS2

Named in 1995 for the locality, tet Space group uncertain, probably P42mc.
a=564,c= 1034, Z—4, D = 4.63. ZVMO 124:3.43i 3.15102.82! 2.59! 2.452
2.342 1.914 1.692. Microscopic granular aggregates. Creamy color in reflected
light. H =4~ VHN = 310. R = 32-36 (546 nm); moderately anisotropic.
Khachakchansky Ag deposit, Lena R., Russia, bom ZVMO 124(5):85(1995).

Stannite Group
The stannite group includes tetragonal sulfides with the general formula
A2BCS4
where
A = Cu, Ag
B = Fe, Cd, Cu, Zn, Hg
C = Sn, Ge, In

and the structure is essentially identical with that of chalcopyrite.

Stannite Group

Space

Mineral Formula Group a c

Stannite Cu2FeSnS4 /42m 5.453 10.747 29.2.1
Cernyite Cu2CdSnS4 /42m 5.487 10.845 2.9.2.2
Briartite Cu2FeGeS4 /42m 5.325 10.53 29.2.3
Kuramite Cu2CuSnS4 /42m 5.542 10.908 2.9.2.4
Sakuraiite Cu2CulnS4 /42m 5.455 10.9 29.25
Hocartite Ag2FeSnS4 /42m 5.74 10.96 2.9.2.6
Pirquitasite Ag2ZnSnS4 /42m 5.786 10.829 2.9.2.7
Velikite Cu2HgSnS4 /42m 5.554 10.911 29.2.8
Kesterite Cu2ZnSnSs 1] 5.44 10.88 2.9.2.9
Ferrokesterite Cu2(Fe,Zn)SnS4 14 5.427 10.871 2.9.2.10

2.9.2.1 Stannite Cu2FeSnS4

Named in 1832 from the Latin for tin. Stannite group. May contain up to 2%
In and Zn. tet 142m. a = 5.453, ¢ = 10.747, Z= 2, D = 4.47. 35-582: 3.13i0
2.7381.9331.9131.6421.63i 1.2441.11i. Rarely as pseudo-octahedral crystals,
usually massive. Steel-gray to iron-black, black streak, metallic luster. Clea-



vage {110} and {001}, indistinct; uneven fracture. H = 4, VHNZX = 216-265.
G = 4.3-4.5. R = 27.4-28.6 (540 nm); distinctly anisotropic. Occurs widely in
tin-bearing veins of hydrothermal origin; an important ore mineral in some
deposits. Etta mine, Keystone, SD; Lost River, Seward Penin., AK; Bruns-
wick tin mines, NB, and Snowflake mine, BC, Canada; Wheal Rock mine and
other mines, Cornwall, England; Kutna Hora, Czech Republic; Norilsk, Rus-
sia; Chenzhou, Hunan, China; Zeehan, TAS, Australia; Llallagua, Potosi, and
other mines, Bolivia, bm D1:221), CM 17:125(1979), R:5)8, P&J:3"9,
ABI1:h90.

2.9.2.2 Cernyite Cu2CdSnS4

Named in 1978 for Petr Cerny (b.1934), Czech-Canadian mineralogist. Stan-
nite group, tet 142m. a = 5.487, ¢ —10.845, Z= 2, D = 4.95. 29-537: 5.393
3.1510 2.733 1.945 1.935 1.654 1.644 1.125. Microscopic grains. Steel-gray,
black streak, metallic luster. H = 4, VHNX = 189-210. R = 23.4-25.6 (546
nm); weakly anisotropic. Hugo mine, Keystone, SD; Tanco mine, MB,
Canada, bom CM 16:139, U7(1978), AM 67:653(1979), ABI:85.

2.9.2.3 Briartite Cu2FeGeS4

Named in 1965 for Gaston Briart, who studied the Kipushi deposit. Stannite
group. Some of the Fe is replaced by Zn, and the Ge by Ga. tet /42m.
a=5.325 ¢= 1053, Z=2, D = 4.27. 25-282: 3.0610 2.668 2.634 1.88i,, 1.8710
1.6010 1.595 1.534. Microscopic grains. Gray, metallic luster. H = 4. R = 27.6
(540 nm); weakly anisotropic. Prince Leopold mine, Kipushi, Zaire; Tsumeb,
Namibia, bom BM 88:732(1965), AM 51:1816(1966), R:575, P&J:108, ABI:71.

2.9.2.4 Kuramite Cu2CuSnS4

Named in 1979 for the locality. Stannite group, tet /42m. a= 5.542,
c= 10908, Z= 2, D = 4.56. 30-W91>: 3.1310 2.702 2.444 1.918 1.646 1.24s 1.114
1.042. Microscopic grains. Gray, metallic luster. H = 4, VHNID = 353.
R = 26.5 (540 nm); distinctly anisotropic. Bisbee, AZ; Kuramin Mts., Uzbeki-
stan, in gold-sulfide-quartz ores, bom ZVMO 108:5617(1979), AM 65:1067
(1980), AB1:280.

2.9.2.5 Sakuraiite Cu2CulnS4

Named in 1965 for Kin-ichi Sakurai (1912-1993), Japanese mineral collector.
Stannite group. Contains Zn, Fe, Ag replacing Cu, and Sn replacing In. tet
/42m. a = 5455, ¢= 10.9, Z= 2, D = 4.45. 21-882: 5.47x 3.85i 3.15i0 2.73i
2.444 1934 1.652 1.574. Microscopic grains. Steel-gray, lead-gray streak,
metallic luster. No cleavage. H = 4, VHN10b = 243-282. R = 22.7 (540 nm).
Ikuno mine, Hyogo Pref., Japan, om AM 53:11)21(1968), 73:93J)(1988);
ABI:J)59.



2.9.2.6 Hocartite Ag2FeSnS4

Named in 1968 for Raymond Hocart (1896-1983), French mineralogist. Stan-
nite group. Contains up to 7% Zn replacing Fe. tet J42m. a = 5.74, ¢ = 10.96,
Z=2, D =477 21-1337: 5.082 3.2610 2.874 2.743 2.035 1.988 1.727 1.673.
Microscopic grains. Yellow-brown, metallic luster. H = 4, VHNigp—209-
221. R = 24.5-25.4 (540 nm); distinctly anisotropic. Dean mine, Lander
Co., NV; Bisbee, AZ; Fournial, Cantal, France; Tacama tin mine, and Hocaya
and Chocaya tin mines, Bolivia; Pirquitas deposit, Jujuy, Argentina, bom BM
91:383(1968), AM 51+:573(1969), R:51+8, P&J:202, ABI:220.

2.9.2.7 Pirquitasite Ag2ZnSnS4

Named in 1982 for the locality. Stannite group, tet IA2m. a = 5.786,
c= 10.829, Z = 2, D = 4.82. 3H51+1+ 3.2710 2.904 2.723 2.056 1.988 1.748 1.294
1.174. Microscopic anhedral grains, polysynthetically twinned. Gray-brown,
metallic luster. H = 4, YHNZX = 218. R = 22.2-24.1 (540 nm); strongly aniso-
tropic, brick-red to pale green. Pirquitas deposit, Jujuy Prov., Argentina, bm
BM 105:229(1982), P&J:1+08, AM 68:121+9(1983).

2.9.2.8 Velikite Cu2HgSnS4

Named in 1977 for A. S. Velikiy (1913-1970), Russian geologist. Stannite
group, tet 1A2m. a = 5554, c= 10.911, Z= 2, D = 5.42. 01+91* 3.92j 3.18io
2.77x2.A1x 1-9621.943 1.672 1.65!. Microscopic grains. Dark gray, gray streak,
metallic luster. VHN = 215-305. G = 5.59. R = 26.4 (540 nm); distinctly ani-
sotropic. Bisbee, AZ; Khaidarkan Sbh-Hg deposit, Kyrghyzstan. om DANS
300:1+32(1988), AM 75:933(1990).

2.9.2.9 Kesterite Cu2ZnSnS4

Named in 1958 for the locality. Stannite group, tet 14. a —5.44, ¢ = 10.88,
Z=2,D =450. 21-883: 4.852 3.1510 2.733 1.937 1.65f 1.253 1.114 1.053. Mas-
sive. Green-black, black streak, metallic luster. H = A\, VHN100 = 328-348.
G = 4.5-4.6. R = 23.4-24.3 (540 nm). Hugo mine, Custer Co., SD; Bisbee, AZ;
Brunswick tin mine, NB, Kidd Creek mine, Timmins, ONT, Snowflake mine,
Revelstoke, BC, Canada; St. Michael’s Mount and Cligga mine, Cornwall,
England; Chizeuil, Saone-et-Loire, France; Kirki, Thrace, Greece; Kester
deposit, Yakutia, Russia; Oruru, Bolivia; Pirquitas deposit, Jujuy, Argentina.
bm ZVMO 88:165(1958), AM U:1829(1959), R:560, P&J:226, AB1:261.

2.9.2.10 Ferrokesterite Cu2(Fe,Zn)SnS4

Named in 1989 for its relationship to kesterite. Stannite group, tet 14.
a= 5427, ¢= 10871, Z= 2, D = 451. 31-1+63; 4.86! 3.13i? 2.71x 1.925 1.643
1.25i I.11i 1.04i. Massive. Steel-gray, black streak, metallic luster. Cleavage
{110}, distinct. H = 4, VHNIi® = 228-255. R = 26.0-27.0 (546 nm). Cligga
mine, Cornwall, England, bom CM 27:673(1989).



2.9.3.1 Mawsonite Cu6Fe2SnS8

Named in 1965 for Douglas Mawson (1882-1958), Australian geologist and
Antarctic explorer. May contain minor Zn, Ge, As, and Se. tet P4m2.
a=7.603, c=5358, Z= 1, D = 4.65. 30-1>86: 5.38i 4.38i 3.1010 2.87! 2.69!
1.906 1.622 1.10i. Microscopic grains. Bronze, metallic luster. H = 3.
R = 20.6-23.0 (540 nm); strongly pleochroic and anisotropic. Magnetic.
Usually occurs in association with bornite. Bisbee, AZ; Kidd Creek mine,
Timmins, ON, and Maggie Cu deposit, BC, Canada; Chizeuil, Saone-et-
Loire, France; Neves-Corvo, Portugal; Khayragatsch deposit, Kuramin
Mts., Uzbekistan; Akenobe, Tada, and Ikuno mines, Hyogo Pref., and other
localities in Japan; Mt. Lyell, TAS, and Tingha, NSW, Australia; Cholqui-
jirca, Peru; Vila Apacheta, Bolivia; Tsumeb, Namibia, Kipushi, Shaba, Zaire.
bm AM 50:900(1965), CM 17:125(1979), R:575, P&J:262, ABI:319.

2.9.3.2 Chatkalite Cu6FeSn2S8

Named in 1981 for the locality, tet P4w2. o= 7.61, c= 5373, Z= 1,
D = 4.97. 35-683: 3.118 2.873 2.702 2.552 1.90i0 1.634 1.574 1.063. Microscopic
grains. Pale rose, metallic luster. H =4, VHNXD= 274. R = 27.2-27.6
(540 nm); weakly anisotropic. Cove Au deposit, Lander Co., NV; Chatkalo-
Kuramin Mts., Uzbekistan, bom MZ 3:79(1981), AM 67:621(1982), ABI:9U.

2.9.3.3 Stannoidite Cu8Fe3Sn2S12

Named in 1969 for its similarity to stannite. Contains up to 4% Zn. ortn
1222. a = 10.76, b= 5.40, c = 16.09, Z= 2, D = 4.29. 22-237: 5.444.83j 4.134
3.11i0 2.7022.394 1.917 1.622. Massive. Brass-brown, dark brown-gray streak,
metallic luster. Subconchoidal to uneven fracture. H = 4, VHN10 = 258.
R = 23.4-25.2 (540 nm); strongly anisotropic, orange-red to yellow-gray.
Campbell mine, Bisbee, AZ; Maggie deposit, BC, Canada; St. Michael’s
Mount, Cornwall, England; Langban, Varmland, Sweden; Vaultry, Haute-
Vienne, and Chizeuil, Saone-et-Loire, France; Chelopech, Bulgaria; Maikan
deposit, Kazakhstan; Konjo mine, Okayama Pref., and other localities in
Japan; Tingha, NSW, Australia; Colquijirca, Peru; Vila Apacheta, Bolivia.
bm AM 5U:1h95(1969), R:562, P&J:350, ABH91.

2.9.4.1 Renierite CullGeAsFe4S16

Named in 1948 for Armand Renier (1876-1951), Belgian geologist. May con-
tain up to 4% Zn and 2% Ga. ter PI2m. a = 10.622, ¢ = 10.551, Z = 2,
D = 4.40. 9-U2U: 7.50i 4.312 3.06i0 2.82i 2.653 1.87g 1.606 1.213. Microscopic
equant crystals and granular aggregates. Bronze, black streak, metallic luster.
H=3g, VHNID= 328. G = 4.38. Moderately magnetic. R = 24.3-25.7
(540 nm); strongly pleochroic and anisotropic. Originally known as “orange
bornite” because of its similarity to that mineral. Inexo No. 1 mine,
Jamestown, CO; Ruby Creek deposit, Brooks Range, AK; Pinar del Rio,
Cuba; San Giovanni mine, Sardinia, Italy; Celopech and Radka deposits,
Bulgaria; Akhtala, Armenia; Vaygach, Arkhangelsk, Russia; Shakanai mine,



Akita Pref., Japan; Prince Leopold mine, Kipushi, Zaire; Tsumeb, Namibia.
bm AM 35:136(1950), 71:210(1986); R:571*; P&J:325; AB 1:1*3.

2.9.4.2 Germanite Cu26Ge4Fe4S32

Named in 1922 for the germanium content. May contain minor amounts of
Zn, As, and Ga. iso P43n. a= 10.586, Z= 1, D - 4.47. 36-395: 3.05i0 2.65!
1.877 1.6041.32! 1.2121.082 1.02!. Minute cubic crystals rare, usually massive.
Reddish gray, tarnishing to dull brown, dark gray to black streak, metallic
luster. No cleavage, brittle. H= 4. G= 4.4-4.6. R = 20.6 (540 nm). A pri-
mary source of germanium. Inexco No. 1 mine, Jamestown, CO; Ruby Creek
deposit, Brooks Range, AK; Pinar del Rio, Cuba; Bancairoun mine, Alpes-
Maritimes, France; Radka deposit, Bulgaria; Vaygach, Archangelsk, and
Norilsk, Urals, Russia; Shakanai mine, Akita Pref., Japan; Tsumeb, Namibia.
bm DI1:385, EG 52:612(1951*), R:572, P&J:177, AM 69:91*3(198)'*), ABI1:179.

2.9.5.1 Morozeviczite (Pb,Fe)3Gel xS4

Named in 1975 for Josef Morozevicz (1865-1941), Polish mineralogist. Forms
a series with polkovicite. iso. a = 10.61, Z= 8, D = 6.62.%%-11-66: 3.08i0 2.806
2.159 2.056 1.795 1.575 1.475 1.115. Massive. Brown-gray, dark gray streak,
metallic luster. H = 3, VHN® = 119-124. R = 43.0-44.0 (535 nm). Polkovice
mine, Silesia, Poland, bm AM 66:1*37(1981), AB 1:31*0.

2.9.5.2 Polkovicite (Fe,Pb)3(Ge,Fe)l xS4

Named in 1975 for the locality. Forms a series with morozeviczite. iso Space
group unknown, a = 10.61, Z = 8. 39-1*10: 3.569 3.47i03.08i02.18i02.159 1.837
1.677 1.397. Massive. Brown-gray, dark gray streak, metallic luster. H = 3,
VHNS = 119-124. R = 43.0-44.0 (535 nm); distinctly anisotropic. Polkovice
mine, Silesia, Poland, bm AM 66:1*37(1981), ABI:1*16.

2.9.6.1 Hemusite Cu6SnMoS8

Named in 1965 after an ancient name for the Balkan Mts. iso Space group
unknown, a = 10.82, Z= 4, D = 4.47. 25-300: 3.612 3.11i0 2.872 2.552 2.092
1.925 1.863 1-633. Microscopic grains and aggregates. Gray, metallic luster.
H=4, VHNX = 166. R = 24.2 (589 nm). Chelopech, Bulgaria; Kochbulak
deposit, Uzbekistan, om AM 56:181*7(1971), ABI1:213.

2.9.6.2 Kiddcreekite Cu6SnWS8

Named in 1984 for the locality, iso Space group unknown, a = 10.856, Z = 4,
D = 4.88. 37-1*27: 6.29i0 5.413 3.273 3.145 2.712 2.492 1.926 1.843. Microscopic
grains. Gray, metallic luster. H = 3g, VHNIiQ = 183. R = 22.5 (540 nm).
Campbell mine, Bisbee, AZ; Kidd Creek mine, near Timmins, ON, Canada.
bm CM 22:227(1981*), AM 70:1*37(1985), AB 1:261*.



2.9.7.1 Putoranite CullFel2S2

Named in 1980 for Putoran Mts., Siberia, iso PnSm. a= 530, Z= 2,
D = 6.14. UI-IUOk- 3.05102.652 1.879 1.606 1.332 1.223 1.085 1.022. Single crys-
tals rare, usually as coarse-grained aggregates. Yellow, metallic luster. Poly-
synthetically twinned. H = 4, VHNX = 263. R = 38.0 (540 nm). Oktyabr
mine, Talnakh, Norilsk, Russia, om ZVMO 109:335(1980), AM 66:638
(1981), ABI:U2U.

2.9.8.1 Talnakhite CugFe8S16

Named in 1968 for the locality. Contains up to 1% Ni. iso J43m. a = 10.591,
Z=2,D = 4.83.25-287: 3.7543.06i02.6451.879 1.607 1.215 1.086 1.02fi. Micro-
scopic laths. Brass-yellow, metallic luster. VHN® = 261-277. G = 4.29.
R = 39.4 (540 nm). Stillwater Complex, Sweetwater Co., MT; Strachimir,
Bulgaria; Filizchai deposit, Azerbaijan; Talnakh, Norilsk, Russia, bm ZVMO
97:63(1968), AM 57:380(1972), P&J:360, ABI:512.

2.9.8.2 Haycockite Cu4FesS8

Named in 1972 for Maurice H. Haycock (b.1900), Canadian mineralogist.
orth P222. a= 10.71, b= 10.71, c = 31.56, Z= 12, D = 4.35. 25-289: 3.0710
2.674 1.896 1.88g 1.616 1.594 1.215 1.096. Microscopic grains. Brass-yellow,
metallic luster. H = 4, VHNI10 = 206-231. R = 33.3-34.5 (540 nm); moder-
ately anisotropic. Duluth Gabbro Complex, MN; near Madera, SON, Mexico;
Krzemianka, Poland; Talnakh, Norilsk, Russia; Mooihoek Farm, Lydenburg,
Transvaal, South Africa, bm AM 57:689(1972), AC(B) 31:2105(1975),
ABI:209.

2.9.8.3 Mooihoekite Cu9Fe9S16

Named in 1972 for the locality, tet P42ra. a = 10.585, c¢= 5.383, Z= 1,
D = 4.37. 25-286{syn): 3.7733.0710 1.898 1.874 1.606 1.324 1.225 1.086. Micro-
scopic grains. Brass-yellow, metallic luster. H =4, VHNI = 240-246.
G = 4.36. R = 35.2 (540 nm). Duluth Gabbro Complex, MN; Talnakh, Nor-
ilsk, Russia; Mooihoek Farm, Lydenburg, Transvaal South Africa, bom AM
57:689(1972), CM 16:23(1978), AB1:339.

2.9.9.1 Raguinite TIFeS2

Named in 1969 for Eugene Raguin (b.1900), French geologist, ortn Space
group unknown, a = 1240, b= 1044, c¢= 526, Z=8, D = 6.33. 22-1U68:
4,702 4.176 3.356 2.8910 2.832 2.644 2.353 2.07!. Microscopic pseudohexagonal
plates. Bronze, metallic luster. G = 6.4. R = 25.4-32.1 (540 nm); strongly
pleochroic and anisotropic. Allchar, Macedonia, bm BM 92:38,237(1969),
AM 5h:1h95,17kl(1969), R:562, P&J:319, ABI1.%30.



2.9.10.1 Teallite PbSnS2

Named in 1904 for Jethro J. H. Teall (1849-1924), director of the Geological
Survey of Great Britain, orth Pbnm. a —4.258, b —11.447, ¢ = 4.103, Z = 2,
D = 6.48.11+-189: 3.416 3.274 2.84102.334 2.034 1.803 1.425 1.094. Thin tabular
crystals, usually massive aggregates of thin foliae. Black, black streak, metal-
lic luster. Cleavage {001}, perfect; flexible; inelastic. H =1|. G = 6.36.
R = 43.4-47.2 (540 nm); distinctly anisotropic. lvigtut, Greenland;
Sinantscha, Sikhote-Alin, and Smirnovsk, Transbaikalia, Russia; Santa Rosa
mine and many other tin mines in Bolivia, sometimes as an important ore
mineral, om D1:1+39, R:670, P&J:362, ABI:513.

2.9.11.1 Rasvumite KFe2S3

Named in 1970 for the locality, ortn Cmcm. a = 9.035, b = 11.022, ¢ = 5.426,
Z=4, D = 3.04. 33-1017: 6.986 5.5110 3.492 3.405 2.94! 2.91! 2.33i 1.78l.
Microscopic grains. Steel-gray, metallic luster. Cleavage {110}, perfect.
H=4i, VHN =243-433. G= 3.1 Slightly magneticc R = 17.7-23.8
(540 nm); strongly pleochroic and anisotropic. Point of Rocks, NM; Coyote
Peak, Humboldt Co., CA; Mont Saint-Hilaire, PQ, Canada; Rasvumchorr
apatite deposits and Kikusvumchorr apatite deposits, Kola, Russia, bm
ZVMO 99:712(1970); AM 61+:776(1979), 65:1+77(1980); P&J:322; AB 1:1+33.

2.9.12.1 Sternbergite AgFe2S3

Named in 1828 for Count Caspar Sternberg (1761-1838), Czech botanist.
Dimorphous with argentopyrite. orth Ccmb. a= 6.625, &= 11.558,
c= 12.750, Z= 8, D = 4.30. 11-61: 4.2910 3.422 3.225 2.797 2.634 1.94s 1.903
1.795. Thin pseudohexagonal plates, forming rosettes or fanlike aggregates.
Brown to black, black streak, metallic luster. Cleavage {001}, perfect; flexible
cleavage lamellae. H = I-1i, VHN®= 31-44. G=4.1-42. R = 32.3-37.2
(540 nm); distinctly pleochroic and anisotropic. Leroy mine, Cochise Co.,
AZ; Highland Bell mine, Beaverdell, BC, Canada; Andreasberg, Harz, and
Freiberg(*), Saxony, Germany; Jachymov, Pribram, and in the Krusnehory
Mts., Czech Republic; Ruen Pb-Zn deposit, Bulgaria, om DI:21+6, R:639,
P&J:73, NJMM:1+58(1987), AB 1:1491+

2.9.12.2 Picotpaulite TIFe2S3

Named in 1970 for Paul Picot (b.1931), French mineralogist, ortn C222.
a= 540, b= 10.72, c= 9.04, Z= 4, D = 5.23. 25-953: 5.45 4.535 4.269 3.807
3.337 2.91i0 2.565 2.515. Microscopic pseudohexagonal plates. Gray, metallic
luster. H=2, VHN1=41. R = 24.2-31.0 (540 nm); strongly pleochroic and
anisotropic. Allchar, Macedonia, bm BM 93:51+5(1970), AM 57:1909(1972),
P&J.-299, AB 1:1+03.



2.9.13.1 Cubanite CuFe2S3

Named in 1843 for the locality. Dimorphous with isocubanite. ortn Pcmn.
a=6.46,b= 11.117,c=6.233, Z = 4, D = 4.03. 9-32U: 3.494 3.2210 3.004 2.794
1.878 1.757 1.284 1.175. Thick tabular and elongated prismatic crystals, com-
monly twinned on {110}; usually massive. Brass- to bronze-yellow, gray-black
streak, metallic luster. No cleavage, conchoidal fracture. H = 3. G —4.0-4.2.
Strongly magnetic. R = 36.3-41.0 (540 nm); distinctly anisotropic. Widely
distributed; occasionally an important ore mineral. Fierro, Grant Co., NM;
Christmas mine, Gila Co., AZ; Mackinaw mine, Snohomish Co., WA; Land-
locked Bay, Prince William Sound, AK; Chibougamau(*), PQ (exceptional
crystals) and Sudbury, ON, Canada; Barracanao, Cuba; Kaveltorp, Orebro,
Sweden; Pitkaranta, Karelia, and Norilsk, Russia; Kohmori mine, Kyoto
Pref., Japan; Broken Hill, NSW, Australia; Beni Bousera, Morocco; Morro
Velho mine, Nova Lima, MG, Brazil. A rare accessory in meteorites and lunar
rocks, bom DBMS, ZK 170:218(197k), R:630, P&J:136, ABI1:117.

2.9.13.2 Argentopyrite AgFe2S3

Named in 1868 for its composition and similarity to pyrite. Dimorphous with

sternbergite. ortn Pmmn. a —6.64, b= 1147, c= 6.45, Z= 4, D = 4.27. 7-

3UN 5.813 3.625 3.3410 3.3210 3.114 1.935 1.914 1.817. Pseudohexagonal pris-

matic crystals. Bronze-brown, tarnishing to lead-gray, gray streak, metallic

luster. No cleavage, uneven fracture. H = 3~-4, VHN100 = 225-242. G —4.0-

43. R = 26.8-34.7 (540 nm); strongly pleochroic. Andreasberg, Harz, and
Freiberg and other Saxony localities, Germany; Jachymov, Pribram, and

Medenec, Czech Republic; Omidani mine, Hyogo Pref., Japan; Broken Hill,

NSW, Australia; Colquechaca, Bolivia, om DI:2U8; AM 39:~75(195)\),

57:1198(1969); R:639; P&J:73; ABI:21.

2.9.13.3 Isocubanite CuFe2S3

Named in 1988 as a dimorph of cubanite, stable above 250°. iso FmSm.
a= 5303, Z=4/3, D = 4.075. 27-166: 3.0510 2.643 1.878 1.597 1.324 1.215
1.086 1.025. Microscopic cubo-octahedral crystals. Bronze, metallic luster.
H =39, VHN1I= 175. R = 34.8 (540 nm). Described from submarine
“black smokers,” East Pacific Rise and Red Sea. Recorded in some ore depos-
its as chalcopyrrhotite. Sudbury, ON, Canada; Tunaberg, Sweden; Talnakh
deposit, Norilsk, Russia; Mooihoek Farm, Lydenburg, Transvaal, South
Africa, bom R:51>5, MM 52:509(1988), AM 7/:503(1989), ABI:2U2.

2.9.14.1 ldaite Cub5FeS6

Named in 1958 for the locality, nhex P63/towc. a = 3.90, c= 16.95 Z= 1,
D = 4.21. Covellite structure. 13-161{syn): 3.1410 2.8210 2.708 1.8910 1.85i0
1.5610 1.328 1.088. Microscopic grains and exsolution lamellae. Copper-red
to brown, metallic luster. H= 2i-3i. G=4.20. R = 26.1-29.4 (540 nm);
strongly anisotropic. White Canyon, San Juan Co., UT; Algoma, Jarvis
Twp., ON, Canada; Radka deposit, Pazardzhik, Bulgaria; Kaikita mine,



Aomori Pref., and other localities in Japan; Ida mine, Khan, and Tsumeb,
Namibia; several mines in the Copiapo district, Chile, bm NJMM :11f2(1958),
21+1(1976); MM 1+3:193(1979); R:692; P&J:206; ABI:227.

2.9.15.1 Nukundamite (Cu,Fe)4S4

Named in 1979 for the locality, hex-r P3ml. a= 3.782, ¢ = 11.187, Z= 1,
D = 4.53. 31+11+09: 3.73i 3.2733.14102,837 2.805 1.896 1.855 1.573. Microscopic
hexagonal crystals and massive. Copper-red, dark gray to black streak, metal-
lic luster. Perfect basal cleavage. H =3, VHN2= 103-110. D = 4.30.
R = 15.8-23.7 (540 nm); strongly pleochroic and anisotropic. Undu mine,
Nukundamu, Fiji, bom MM 1+3:193(1979), AM 66:398(1981), ABI:359.

2.9.16.1 Mohite Cu2SnS3

Named in 1982 for Gunter Moh (1929-1993), German mineralogist, trig P1.
a=6.64, b= 1151, c= 19.93, a=90.0°, ¢g= 109.75°, y = 90.0°, Z= 12,
D = 4.75. 35-681+: 3.66i 3.34! 3.1310 2.82! 2.722 2.63i 2.442 1.927. Microscopic
grains. Gray, metallic luster. H = 4|, VHN2 = 179. R = 25.5 (540 nm); dis-
tinctly anisotropic. April Fool mine, Lincoln Co., NV; Kochbulak deposit,
Uzbekistan, bom ZVMO 111:110(1982), AM 68:281(1983), AB1:335.

2.9.17.1 Caswellsilverite NaCrS2

Named in 1982 for Caswell Silver (b.1916), U.S. geologist, hex-r RSm.
a= 3541, c=19.35 Z= 3, D = 3.30. 10-292: 2.58i0 1.899 1.769 1.468 1.29g
1.20g 1.13i0 10410. Microscopic anhedral grains. Yellow-gray tarnishing
brown, metallic luster. H =2, VHN15= 17-45. R = 21.8-32.8 (540 nm);
strongly pleochroic and anisotropic. Norton County enstatite achondrite and
Quizhen enstatite chondrite. bm AM 67:132(1982), GCA 1+9:1781(1985),
ABI:83.

2.9.17.2 Schollhornite Na03CrS2*H20

Named in 1985 for Robert Schollhorn, German chemist, nex-r Space group
uncertain, probably RSm. a= 3.32, ¢= 26.6, Z= 3, D = 2.77. 39-322(syn):
8.8510 4.43i 2.8152.5352.21i 1.665. Microscopic grains. Gray, metallic luster.
Perfect basal cleavage. H = 2, VHN15 = 80. Gsyn = 2.70. R = 16.0-19.3 (540
nm); distinctly pleochroic and anisotropic. A weathering product of caswell-
silverite in the Norton County enstatite achondrite. bm AM 70:638(1985),
ABI:U65.

2.9.18.1 Petrukite (Cu,Fe,Zn)3SnsS4

Named in 1989 for William Petruk (b.1930), Canadian mineralogist. Contains
up to 6% In and 1% Ag. orth Pmn2\. a = 7.667, b= 6.440, c = 6.276, Z = 2,
D = 4.61. CM27: 3.13i02.7142.427 1.926 1.64e 1.241i 1.116 10.043. Microscopic



grains. Brown to gray, metallic luster. Cleavage {110}, {100}, {010}, dis-
tinct; parting parallel to {001}. H = 4g, VHNioo = 319. R = 27.7-27.8 (546
nm). Mt. Pleasant mine, Charlotte Co., NB, and Herb claim, Turnagain R.,
BC, Canada; Ikuno mine, Hyogo Pref., Japan, bm CM 27:673(1989).

2.9.19.1 Bartonite K3Fel0S14

Named in 1981 for Paul B. Barton (b.1930), U.S. mineralogist, tet 14jmmm.

a= 10424, c= 20.626, Z = 4, D = 3.286. 35-U76: 9.31s 5.99g 3.14a 3.00lo 2.392
2.383 1.843 1.834. Brown-black masses, black streak, submetallic luster. Clea-
vage {112}, distinct; conchoidal fracture. H = 3g, VHNI5 = 94-120.

G = 3.305. R = 20.9-21.8 (540 nm); distinctly anisotropic. Coyote Peak, Hum-

boldt Co., CA, in an alkalic diatreme. bm AM 66:369(1981), ABI".I+l.

Linnaeite Group

The linnaeite group minerals are sulfides and selenides conforming to the
general formula

a2+b3+x 4
where

A = Fe, Co, Ni, Cu, Zn
B = Fe, Co, Ni, Cr, In, Rh, Ir, Pt
X =S, Se

and the minerals are cubic, space group FdZm, isostructural with one another
and with the spinel group.

Linnaeite Group

Space

Mireral Formula Goup a D

Linnaeite CoCo254 FdZm 943 483 21011
Carrollite CuCo254 FdZm 9.48 483 21012
Fletcherite CuNi2s4 FdZm 9520 476 21013
Tyrrellite (Cu,Co,Ni)3Se4 FdzZzm 10005 659 21014
Bornhardtite  CoCo025e4 Fdzm 102 617 210.15
Siegenite (Ni,Co0)354 Fdzm 0387 489 21016
Polydymite NiNi2s4 FdZm 948 474 21017
Violarite FeNi2Se4 FdZm 9.46 472 21018

Triistedtite NiNi2Se4 FdZm 9.94 6.65 210.19



Linnaeite Group (cont’D)

Space

Mingral Formula Group a D

Greigite FeFe254 Fd3m 9876 4.08 210.1.10
Daubreelite FeCr2s4 FdSm 999 383 210111
Indite Feln2s4 Fdzm 10618 459 210.1.12
Kalininite ZnCr254 Fd3m 9974 404 210113
Florensovite Cu(Cr,Sh)2s4 FdSm 10005 4.28 2.10.1.14
Cuproiridisite  Culr2s4 FdSm 9.92 784  210.1.15
Cuprorhodisite  CuRh254 Fd3m 9.88 548 2.10.1.16
Malanite Cu(Pt,Ir)2s4 FdSm 9.92 792 210117

2.10.1.1 Linnaeite CoCo0254

Named in 1845 for Carolus Linnaeus (1707-1778), Swedish taxonomist. Lin-
naeite group. May contain minor amounts of Cu, Ni, and Fe. iso FdZm.
a=943, Z=8, D = 4.83. 11-121: 3.344 2.8310 2.367 1.933 1.826 1.678 1.094
1.064. Octahedral crystals, also massive, granular, or compact; crystals
twinned on {111}. Light gray to steel-gray, gray streak, metallic luster. Clea-
vage {001}, imperfect, subconchoidal to uneven fracture. H = 47-5¢,
VHN = 492. G = 4.5-4.8. R = 43.6 (540 nm). Fuses to a magnetic globule;
soluble in HN O3 with the separation of sulfur. Widely distributed in hydro-
thermal veins with other cobalt and nickel sulfides. Springfield and Mineral
Hill mines, Carroll Co., MD; Mine La Motte, Madison Co., MO; Gladham-
mar, Kalmar, and Bastnds, Vastmannland, Sweden; Miisen, Littfeld, and
Altenberg, Westphalia, Germany; Kladno, Czech Republic; Musonoi mine,
Shaba, Zaire; N’Kana mine, Kitwe, Zambia, bm D1:262, R:697, P&J:238,
ABI1:297.

2.10.1.2 Carrollite CuCo254

Named in 1852 for the locality. Linnaeite group. May contain minor amounts
of Ni and Fe. iso FdSm. a —9.48, Z = 8, D = 4.83. 3-1725: 3.354 2.8610 2.375
1.836 1.67g 1.2331.193 1.103. Octahedral crystals, often twinned on {111}; also
massive, granular, or compact. Silver-white to steel-gray, gray streak, metallic
luster. Cleavage {Qil}, imperfect; subconchoidal to uneven fracture. H =

5|, VHN10o = 507-586. G = 4.5-4.8. R = 41.8 (540 nm). Patapsco mine, Car-
roll Co., MD; Mine La Motte, Madison Co., MO; Gladhammar, Kalmar,
Sweden; Kohlenbach mine, Westphalia, Germany; Neves-Corvo, Portugal;
Chemomorets, Bulgaria; Sazare mine, Ehime Pref., Japan; Kambalda, WA,
Australia; Kambove and Kolwezi mines(*), Shaba, Zaire; Rokana mineg,
Kitwe, Zambia; Tsumeb, Namibia; Carrizal Alto deposit, Atacama, Chile.
BMIDI1.262, AM 59:302(1971), R:697, P&J-.238, ABI1:82.



2.10.1.3 Fletcherite CuNi254

Named in 1977 for the locality. Linnaeite group. Contains up to 17% Co. iso
FdZm. a = 9.520, Z= 8, D = 4.76. 29-540: 3.365 2.876 2.396 1.83g 1.6810 1.376
1.246 1.196. Microscopic crystals. Steel-gray, metallic luster. H = 4/-5,
VHNZ2 = 446-464. R = 43.4 (546 nm). Fletcher mine, Reynolds Co., MO;
New Rambler mine, Medicine Bow Mts., WY. bm EG 72:480(1977), AM
62:596(1977), ABI:159.

2.10.1.4 Tyrrellite (Cu,Co,Ni)3Se4

Named in 1952 for Joseph B. Tyrrell (1858-1957), Canadian geologist. Lin-
naeite group, iso FdASm. a —10.005, Z= 8, D = 6.59. 8-1: 5.784 3.544 3.026
2.897 2.509 1.936 1.77i0 1.514. Microscopic subhedral to anhedral grains.
Pale bronze, black streak, metallic luster. Poor cubic cleavage, conchoidal
fracture. H = 3j, VHNI10 = 343-368. G=6.6. R =473 (540 nm). Eagle
shaft, Beaverlodge Lake, SK, Canada; Bukov, Moravia, Czech Republic, bm
AM 37:542(1952), CM 10:731(1970), R:703, P&J:376, AB1:546.

2.10.1.5 Bornhardtite CoCo02Se4

Named in 1955 for Wilhelm Bornhardt (1864-1946), German geologist. Lin-
naeite group, iso FdZm. a= 10.2, Z=8, D = 6.17. 15-463: 2.710 2.410 2.310
2.18i0 2.0010 19610 1.4210. Microscopic crystals. Pink-white, metallic luster.
H = 4. R = 42.4 (540 nm). Pinky Fault deposit, SK, Canada; Trogtal quarry
and Tilkerode, Harz, Germany; Sierra de Cachueta, Mendoza Prov.,
Argentina, om NJMM:133(1955), AM 41:164(1956), R:702, P&J-.97,
ABP.61.

2.10.1.6 Siegenite (Ni,C0)354

Named in 1850 for the locality. Linnaeite group, iso Fd3m. a = 9.387, Z= 8,
D = 4.89. 20-782(syn): 3.3242.83102.355 1.814 1.668 1.22z 1.082 1.053. Octahe-
dral crystals, often twinned on {111}; also massive, granular or compact.
Silver-white to steel-gray, gray streak, metallic luster. Cleavage {001}, imper-
fect; subconchoidal to uneven fracture. H = 47-5|, VHNI0 = 45&-540.
G =4.5-4.8. R = 46.2 (540 nm). Mine la Motte, Madison Co., and Miliken
mine(*), Reynolds Co., MO; Langis mine, near Cobalt, ON, Canada; Siegen
district(*), Westphalia, Germany; Kladno, Czech Republic; near Brestovsko,
Bosnia; Etropole and Mladenovo, Bulgaria; Kamaishi mine, Iwate Pref,,
Japan; Kambalda, WA, Australia; Kilembe, Uganda; Shinkolobwe mine,
Shaba, Zaire, bm DI:262, CM 9:597(1968), R:697, P&J:238; ABL474.

2.10.1.7 Polydymite NiNi254

Named in 1876 from the Greek for many and twin, because the mineral often
occurs in twinned crystals. Linnaeite group, iso FdSm. a = 9.48, Z= 8,
D = 4.74. 8-106: 2.859 2.369 1.829 1.6710 1.376 1.238 1.197 1.107. Octahedral
crystals, twinned on {111}; also massive, granular, or compact. Steel-gray,



black streak, metallic luster. Cleavage {001}, imperfect; subconchoidal to
uneven fracture. H —4|, VHNIA = 379-427. G = 4.5-5.8. R = 45.4 (540 nm).
Hamilton, Hancock Co., IL; Miliken mine, Reynolds Co., MO; Grumu mine,
near Siegen, Westphalia, Germany; Kunratice and Rozany, Czech Republic;
Saint Marina, Khaskovo district, Bulgaria; Novo-Aidyrlinsk, Ural Mts.,
Russia; Kambalda, WA, Australia; Dry Nickel mine, Bindura, Zimbabwe.
BM D1:262, R:697, P&J:238, AB 1:118.

2.10.1.8 Violarite FeNi2S4

Named in 1924 for its color. Linnaeite group. Contains minor amounts of Co
and Cu. iso Fd3m. a = 9.46, Z—8, D = 4.72. 11-95: 3.353 2.8510 2.365 1.826
1.67g 1.184 1.124 1.065. Massive. Violet-gray, black streak, metallic luster.
Cleavage {001}, perfect; brittle. H=4|-5|, VHNID = 455-493. G = 4.6.
R = 42,5 (540 nm). Gap mine, Lancaster Co., PA; Lick Fork deposit, Floyd
Co., VA; Key West mine, Clark Co., NV; Friday mine, Julian, CA; Marbridge
mine, Malartic, PQ, Sudbury, ON, English Lake, MB, Canada; Praborna
mine, St. Marcel, Italy; Kambalda, WA, Australia; Dry Nickel mine, Bin-
dura, Zimbabwe, om DI1.262, R:697, P&J:238, ABI:560.

2.10.1.9 Triistedtite NiNi2Se4

Named in 1964 for Otto Triistedt (1866-1929), Finnish mining engineer. Lin-
naeite group. Contains 6.4% Co. iso Fd3m. a= 9.94, Z= 8, D —6.65.18-889:
5.754 3.5243.0082.8792.48i01.916 1.7610 1.502. Microscopic euhedral crystals.
Yellow, metallic luster. H = 3. R = 50.3 (540 nm). Kuusamo, Finland, om AM
50:519(1965), R:703, P&J:373, ABI:539.

2.10.1.10 Greigite FeFe254

Named in 1964 for Joseph W. Greig (1895-1977), U.S. mineralogist. Linnaeite
group. Synonym: melnikovite (part), iso Fd3m. a = 9.876, Z= 8, D = 4.08.
16-713: 3.5(82.98102.4762.024 1.903 1.758 1.564 1.514. Microscopic octahedral
grains and powdery coatings. Black, metallic luster. H = 4, VHNZ = 401-
423. Strongly magnetic. R = 30.7 (540 nm). Widely distributed in lacustrine
clays and in hydrothermal sulfide deposits. Boron, Kern Co., and Coyote Peak,
Humboldt Co., CA; near Zacatecas, ZAC, Mexico; Treore mine, Cornwall,
England; Montemesola, Taranto, Italy; Lojane deposit, Macedonia; Kerch
Peninsula, Ukraine; Hanoaka mine, Akita Pref., Japan, om AM
U9:5U3(196V), R:697, P&J:238, AB1:195.

2.10.1.11 Daubreelite FeCr254

Named in 1876 for Gabriel A. Daubree (1814-1896), French meteorite
researcher. Linnaeite group, iso Fd3m. a=9.995 Z-—8, D = 3.83.
1+651 (syn): 3.53g 3.01102.508 2.046 1.928 1.77i0 1.30g 1.258. Exsolution lamel-
lae in troilite, and microscopic grains. Black, black streak, metallic luster.
Distinct cleavage, brittle. H =5 VHNI10b= 260-303. G= 3.81. R = 33.0



(540 nm). An accessory mineral in many meteorites, bm DI:265, R:703,
AB 1:129.

2.10.1.12 Indite Feln254

Named in 1963 for its indium content. Linnaeite group, iso FdSm. a = 10.618,
Z=28, D =459 33-613: 3.754 3.2010 2.652 2.17x 2.044 1.885 1.62x 1.38x.
Microscopic grains. lron-black, metallic luster. H =4 VHN = 309.
R = 27.0 (540 nm). Dzhalindin deposit, Little Khingan Ridge, eastern Siberia,
Russia, bm ZVMO 92:U5(196S), AM U9:U39(196U), R:703, P&J:211,
ABI:233.

2.10.1.13 Kalininite ZnCr254

Named in 1985 for Pavel V. Kalinin (1905-1981), Russian mineralogist. Lin-
naeite group, iso FdSm. a = 9.974, Z = 8, D = 4.04. 16-507(syn): 3.534 3.008
2.505 1.76io 1.302 1.252 1.025. Microscopic aggregates. Black, black streak,
metallic luster. H =5 VHN®= 468. R = 35.2 (540 nm). Slyudyanka com-
plex, Baikal region, Russia, bom ZVMO 117:622(1985), AM 72:223(1987),
AB1:255.

2.10.1.14 Florensovite Cu(Cr,Sbh)2s4

Named in 1989 for Nikolai A. Florensov (1909-1986), Russian geologist. Lin-
naeite group, iso FdSm. a = 10.005, Z= 8, D = 4.28. U3-1U68: 3.535 3.0110
2.508 1.928 1.7710 1.306 1.165 1.02g. Microscopic grains. Black, adamantine
to metallic luster. H =5 VHN® = 477-541. Strongly magnetic. R = 26.5
(540 nm). Slyudyanka complex, Baikal region, Russia, bm ZVMO
118:57(1989), AM 75:1209(1990).

2.10.1.15 Cuproiridisite Culr2s4

Named in 1985 for the composition. Linnaeite group. Contains minor amounts
of Pt, Rh, and Fe. iso FdSm. a= 9.92, Z= 8, D = 7.84. 39-329: 3.01i0 2.497
1.928 1.769 1.296 1.155 1.115 1.018. Microscopic grains. lron-black, metallic
luster. Very brittle. H = 5J, VHN3 = 578. R = 33.6-37.2 (540 nm). Finero,
Italy; Konder massif, Yakutia, Russia, bm ZVMO 117:187(1985), AM
71:1277(1986), AB 1:120.

2.10.1.16 Cuprorhodisite CuRh254

Named in 1985 for the composition. Linnaeite group. Contains minor amounts
of Ir, Pt, and Fe. iso FmSm. a = 9.88, Z = 8, D = 5.48. 38-U05: 5.743.0102.487
1.908 1.7610 1.295 1.105 1.019. Microscopic grains. Iron-black, metallic luster.
Very brittle. H=5, VHNX = 498. R = 36.7-39.2 (540 nm). Finero, ltaly;
Konder massif, Yakutia, Russia, bm ZVMO 117:187(1985), AM
71:1277(1986), ABL122.



Named in 1974, presumably for the locality. Linnaeite group, iso FdZm.
a=992 Z=28, D= 792 381+06: 5.85 3.0110 2.499 1.929 1.7610 1.296 1.117
1.019. Microscopic grains. Silver-white, metallic luster. VHN20 = 462. Ojen,
Spain; Konder massif, Yakutia, Russia; undisclosed locality, China; Merensky
Reef, Transvaal, South Africa, bm AM 61:185(1976), 67:1081(1982); ZVMO
1W 187(1985); AB1:309.

2.10.2.1 Wilkmanite Ni3Se4

Named in 1964 for Wanold W. Wilkman (1872-1937), Finnish geologist, mon
12/m. a=6.22, b= 3.63, c= 10.52, p= 90.53°, Z= 2, D = 6.88.18-890: 5.254
2.7010 2.0210 2.008 1.82g 1.8010 1.536 1.506. Probably massive. Yellow-gray,
metallic luster. Distinctly pleochroic and anisotropic. Kuusamo, Finland, bm
AM 50:519(1965), ABI:375.

2.10.2.2 Brezinaite Cr354

Named in 1969 for Aristides Brezina (1848-1909), Austrian meteoriticist. mon
12/m. a= 596, b=3425 c= 1127, p=9153°, Z=2, D = 4.11. 21+310:
5.677 5.234 2.987 2.6410 2.616 2.067 2.034 1.727. Microscopic anhedral grains.
Gray, metallic luster. VHN = 400. R = 37-40; strongly anisotropic. Tucson
iron meteorite and New Baltimore iron meteorites, bm AM 51+:1509(1969),
ABI.-70.

2.10.2.3 Heideite (Fe,Cr)1+x(Ti, Fe)S4 (x = 0.15)

Named in 1974 for Friedrich Heide (1891-1973), German geochemist, mon
12/m. a= 5929, 6= 3426, c= 1146, p=90.10°, Z=2, D = 3.99. 20-
1303{syn): 5.722 5.263 2.963 2.639 2.0610 1.714 1.613 1.442. Microscopic anhe-
dral grains. Black, metallic luster. H = 37-4]. Ggyn = 3.94. An accessory
mineral in the Bustee enstatite achondrite. bom AM 59:1+65(1971+), AB1:212.

2.10.3.1 Rhodostannite Cu2FeSn3S8

Named in 1968 for its reddish color compared to stannite. tet 14i/a. a = 7.29,
c= 1031, Z= 2, D = 4.82. 29-558{syn): 5.96s 3.654 3.119 2.588 1.997 1.8310
1.354 1.064. Microscopic grains. Reddish gray, metallic luster. H = 4,
VHN = 243-266. R = 28.8-30.4 (540 nm); distinctly anisotropic. Dean
mine, Lander Co., NV; Bisbee, AZ; Vila Apacheta, Bolivia; Pirquitas deposit,
Jujuy, Argentina, bm MM 36:101+5(1968), NJMM:166(1975), P&J:326,
ABhI+1+0.

2.10.3.2 Toyohaite Ag2FeSn3S8

Named in 1991 for the locality, tet lAi/a. a= 7.464, c¢= 10.80, Z = 2,
D = 4.94.1#1+11+14; 6.103 3.772 3.724 3.2110 2.643 2.034 1.884 1.863. Microcrys-
talline aggregates. Gray-brown, metallic luster. R = 24.1-26.1 (546 nm); dis-
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tinctly anisotropic. Toyoha mine, Sapporo, Japan, bm M JJ 15:222(1991), AM
77:1117(1992).

2.10.4.1 Konderite PbCu3(Rh,Pt,Ir)8S16

Named in 1984 for the locality, hex P6/m. a= 7.024, ¢ —16.48, Z= 1,
D = 4.09. 38-393: 5.12 2.9810 2.855 2.469 2.252 1.7610 1.725 1.293. Microscopic
grains. Steel-gray, metallic luster. Cleavage in two directions, brittle.
VHNS = 372-793. R = 42.5-44.8 (520 nm). Konder massif, Yakutia, Russia.
bm ZVMO 113:703(198)\), AM 71:229(1986), ABI1:271.

2.10.4.2 Inaglyite PbCu3(Ir,Pt)8S16

Named in 1984 for the locality, hex P6/m. a = 7.03, ¢ = 16.44, Z = 1. 37-UU1"-
5.79 2.98i0 2.846 2.448 2.004 1.904 1.757 1.705. Microscopic grains. Steel-gray,
metallic luster. Cleavage in two directions, brittle. VHNS = 347-726.
R = 41.6-42.8 (520 nm). Inagli massif, Yakutia, Russia, bm ZVMO
113:712(198h), AM 71:228(1986), ABI:2S1.

2.11.1.1 Orpiment As2S3

Named in 1747 from the Latin auripigmentum, golden paint, in allusion to its
color, mon P2lUn. a= 1149, b= 9.59, c= 4.25, 3= 90.45°, Z =4, D = 3.49.
19-8U" 4.8510 4.025 3.223 2.793 2.723 2.474 2.093 1.764. Habit: Crystals uncom-
mon; typically small, short prismatic on ¢ with pseudo-orthorhombic appear-
ance; commonly in foliated, columnar, or fibrous masses; also granular or
powdery. Structure: Consists of As and S atoms bonded together in complex
sheets parallel to the ac plane, giving rise to perfect {010} cleavage. Physical



properties: Lemon yellow to brownish yellow, pale yellow streak, pearly luster
on cleavage surfaces, resinous elsewhere. Cleavage {010}, perfect; lamellae
flexible but not elastic; sectile. H = 1\-2. G = 3.49. Tests: Easily recognized
by its color and cleavage. Chemistry: Usually pure As2S3; may contain
up to 1.5% Sb and 0.4% TI. Optics: Biaxial (-); Nx= 24, Ny= 281,
Nz = 3.02; 2V = 76°; pleochroic in shades of yellow. R = 20.5-27.7 (540 nm).
Occurrence: A low-temperature hydrothermal mineral, occurring in veins and
in hot-spring deposits; also as an alteration product of realgar. Localities:
Widely distributed; fine specimens from the following places: Mercur, Tooele
Co., UT; Getchell mine, Humboldt Co., and White Caps mine, Nye Co., NV;
Tajov, Czech Republic; Baia Sprie, Romania; Allchar, Macedonia; Jelamerk,
Kurdistan, Turkey; Lukum, Georgia; Zarehchuran mine, Takab, Iran;
Elbrozka, Caucasus, and Menkule, Yakutia, Russia; Guizhou, Hunan Prov.,
China; Jozankei, Hokkaido, Japan; Quirivilca mine, La Libertad, Peru, bm
DI1:266, ZK 136:78(1972), R:890, P&J:283, AB1:366.

2.11.1.2 Getchellite AsSbSj

Named in 1965 for the locality, mon P21/a. a = 11.85, b= 8.99, ¢ = 10.16,
P- 116.5°, Z= 8, D = 4.02. 18-U2: 4.9254.58s 4.448 3.617 2.8810 2.537 2.32s
2.246. Subhedral crystals and massive. Dark blood-red, sometimes with a
purple to green iridescent tarnish; orange-red streak; pearly to vitreous luster
on cleavage surfaces, resinous elsewhere. Cleavage {001}, perfect; cleavage
flakes flexible but inelastic; splintery fracture; sectile. H = 1\-2. G = 3.92.
R = 28.1-30.6 (540 nm). Getchell mine, Humboldt Co., NV; Zarehchuran
mine, Takab, Iran; Kaidarkan, Kyrgyzstan; Gal-Khaya deposit, Yakutia,
Russia; Toya mine, Hokkaido, Japan, bom AM 50:1817(1965), AC(B)
29:2536(1973), R:70U, P&J:179, ABI:182.

Stibnite Group

The stibnite group consists of antimony and bismuth sulfides and selenides
corresponding to the general formula

A2B3
where
A = Sb, Bi
B=S5S, Se

and the space group is monoclinic, Pbnm. The structure of stibnite consists of
a zigzag chain parallel to the c axis of S and Sb atoms. The long prismatic
crystals are parallel to these structural chains, and the perfect {010} cleavage
occurs between them.
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Stibnite Group

Space
Mineral Formula Group a b c D
Stibnite Sb2s3 Pbnm 11.229 11.310 3.839 4.63 211.2.1
Antimonselite sb2se3 . Pbnm 11.593 11.747 3.398 5.88 211.2.2
Bismuthinite *12S3 Pbnm 11.149 11.304 3.981 6.81 2.11.2.3
Guanajuatite Bi2Se3 Pbnm 11.37 11.55 4.054 7.54 2.11.2.4

2.11.2.1 Stibnite Sb2S3

Named in 1832 from the Latin stibium, an old name for the mineral. Stibnite
group, orth Pbnm. a= 11.229, b= 11.310, c- 3.839, Z= 4, D = 4.63. 6-

syn): 5.056 3.577 3.567 3.059 2.7610 2.685 2.535 1.945. Habit: Crystals
common, prismatic along c, typically striated or grooved parallel to c;
often appear bent or twisted as a consequence of translation gliding; com-
monly in complex aggregates of acicular crystals; also in radiating or colum-
nar masses, or granular. Structure: Consists of Sb and S atoms bonded
together in a complex sheet structure parallel to the ac plane, giving rise
to perfect {010} cleavage. Physical properties: Lead-gray, commonly with a
black to iridescent tarnish, lead-gray streak, metallic luster. Cleavage {010},
perfect; cleavage flakes flexible, inelastic; slightly sectile. H = 2,
VHNID = 71-86. G = 4.63. Tests: Easily fusible. Soluble in HC1. Chemistry:
Usually pure Sbh2S3. Optics: R = 32.6-48.2 (540 nm); strongly anisotropic.
Occurrence: Occurs most commonly in hydrothermal vein and replacement



deposits of low-temperature origin. Under surface and near-surface condi-
tions stibnite may oxidize to white or yellow stibiconite, often as pseudo-
morphs. Localities: Stibnite is the commonest antimony mineral and is very
widely distributed; the following localities are known for fine specimens.
White Caps mine, Nye Co., NV; Antimony Peak, Kern Co., Ambrose
mine, San Benito Co., Rand mines, San Bernardino Co., and many other
localities in CA; Prince William mine, York Co., NB, Canada; San Martin,
ZAC, Wadley mine, Wadley, SLP, Los Tejocotes, OAX, and other localities
in Mexico; Wolfsberg and Andreasberg, Harz, Germany; Pribram and Krem-
nica, Czech Republic; Herja, Stiavnica, and Baia Sprie, Romania; Allchar,
Macedonia; Nerchinsk, Siberia, Russia; Kadamdzhai, Tajikstan; Xikuand-
shan, Hunan, China; Ichinokawa mine, Shikoku, Japan; Kusa mine, near
Bau, Sarawak; San Jose and La Salvadora mines, Oruro, Amigos mine,
Potosi, and other localities in Bolivia. Uses: The principal ore of antimony.
bm D1:270, ZK 135:308(1972), R:705, P&J:353, ABI.%98.

2.11.2.2 Antimonselite Sb2Se3

Named in 1993 for the composition. Stibnite group. Contains up to 4.8% Hg
and 2.4% Cu. orth Pbnm. a = 11.593, b= 11.747, c= 3.398, Z= 4, D = 5.88.
AM 79: 3.7073.1752.8710 2.636 1.754. Microscopic acicular crystals and anhe-
dral grains. Black, black streak, metallic luster. VHN3 = 120. R —39.0-42.0
(546 nm). Occurs in a polymetallic deposit at Kaiyang, Guizhou Prov., China.
bm AM 79:387(1997).

2.11.2.3 Bismuthinite Bi2S3

Named in 1832 for the composition. Stibnite group. May contain minor
amounts of Sb and Se. orth Pbnm. a —11.149, b= 11.304, ¢ = 3.981, Z = 4,
D =6.81. 17-320(syn): 3.974 3.5710 3.536 3.128 2.815 2.723 2.524 1.954. Pris-
matic to acicular crystals, elongated and striated parallel to c; usually massive
with fibrous or foliated texture. Lead-gray, lead-gray streak; metallic luster.
Cleavage {010}, perfect; {100}, {110}, imperfect; flexible and somewhat sec-
tile. H=2, VHN® = 170. G = 6.8. R = 37.7-50.0 (540 nm); strongly aniso-
tropic. Occurs in hydrothermal veins and granite pegmatites. Haddam, CT;
Wickes, Jefferson Co., MT; Clear Creek mines, Chaffee Co., Breckenridge
district, Summit Co., and other localities in CO; Midnight Owl mine, Yavapai
Co., AZ; Pala, San Diego Co., CA; Glacier Gulch, BC, Canada; Nacozari,
SON, and Guanajuato, GTO, Mexico; Carrock Fell, Cumbria, and Redruth
district, Cornwall, England; Spind, Farsum, Norway; Schneeberg and Alten-
berg, Saxony, Germany; Bresso, Piedmont, Italy; Smolotely, Czech Republic;
Moravicza and Baita, Romania; Zidarova, Bulgaria; Strezhen deposit, Altai,
Russia; Horobetsu mine, Hokkaido, Japan; Kingsgate, NSW, and Mt.
Biggenden mine, Q, Australia; Fefena, Madagascar; Llallagua, Potosi, and
other localities in Bolivia, bm DI1:275, TMPM 17:55(1970), R:710, P&J:92,
ABI:56.



Named in 1873 for the locality. Stibnite group. May contain up to 7% S. orth
Pbnm. a= 1137, b= 1155, ¢ = 4.054, Z= 4, D = 7.54. 10*75: 5.164 3.659
3.19i0 2.886 2.585 2.315 1.997 1.774. Acicular crystals, elongated parallel to c;
also massive, fibrous or foliated. Lead-gray, lead-gray streak, metallic luster.
Cleavage {010}, distinct; {001}, indistinct; somewhat sectile. H = 2|-3,
VHNI0 = 53-82. G=6.3-7.0. R =43.1-52.0 (540 nm); strongly pleochroic
and anisotropic. Near Salmon, Lemhi Co., ID; Thomas and Essex mines,
Darwin, Inyo Co., CA; Santa Catarina mine, Guanajuato, GTO, Mexico;
Andreasberg, Harz, Germany, bom DI1:278, R:71k, P&J:188, ABI1:197.

2.11.3.1 Metastibnite Sb2S3

Named in 1888 as a dimorph of stibnite. May contain up to 9% Pb. Amor-
phous. Powdery coatings. Red, red streak, submetallic luster. H = 2-3. Occurs
in fumaroles and as coatings on stibnite. Steamboat Springs, Washoe Co., NV;
The Geysers, Sonoma Co., CA; Lac Nicolet mine, South Ham, PQ, Canada;
Rujevac Sb-Zn-Pb deposit, Serbia; Alacran mine, Copiapo, Chile; San Jose
mine, Oruro, Bolivia, bm DI:275, AM 55:2107(1970), R:709, P&J:267,
ABI:328.

2.11.4.1 Wakabayashilite (As,Sb)11S18

Named in 1970 for Yaichiro Wakabayashi (1874-1943), Japanese
mineralogist, mon P2l/m. a= 29.128, b= 6.480, c= 29.128, 3= 120.0°,
Z=18, D =4.06. 29-U06: 6.2810 4.787 3.498 3.244 3.084 2.543 2.424 1.594.
Prisms or fibers up to 2 cm. Golden to lemon yellow, orange-yellow streak,
silky luster. Cleavage {100}, {010}, {101}, perfect. H=1|. G = 3.96.
R = 22.0 (540 nm); strongly pleochroic. White Caps mine(*), Manhattan,
Nye Co., NV; Jas Roux, Hautes-Alpes, France; Khaidarkan(*), Kyrgyzstan;
Gal-Khaya deposit, Yakutia, Russia; Shuiluo deposit, Guangxi Autonomous
Region, China; Nishinomaki mine, Gumma Pref., Japan, om AM
57:1311(1972), CM 13*18(1975), R:891, P&J:386, AB1:567.

2.11.5.1 Paakkonenite Sb2AsS2

Named in 1981 for Viekko Paakkonen (1907-1980), Finnish geologist, mon
Space group unknown, o= 5.372, b= 3.975 c= 1141, p= 89.71°, Z = 2,
D = 5.21. 33-92: 3.94 3.134 2.8710 2.686 2.273 2.(82 1.992 1.753. Microscopic
anhedral grains. Dark gray, gray streak with brown tint, metallic luster.
Cleavage in one direction, brittle. H =2\, VHN10= 87. R = 37.2-47.8
(540 nm); strongly anisotropic. Kalliosalo deposit, Seinajoki region, Finland;
Pribram, Czech Republic, bm ZVMO 110*80(1981), AM 67:858(1982),
ABL373.
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2.11.6.1 Laphamite As?(Se,S)3

Named in 1986 for Davis M. Lapham (1931-1974), U.S. mineralogist, mon
P2lUn. a= 11.86, b= 9.756, c= 4.265, p=90.17°, Z=4, D = 4.60. 26-
123{syn): 4.988 2.955 2.9110 2.879 2.827 1.806 1.775 1.727. Prismatic crystals
up to 5 mm; dark red, orange-red streak, resinous luster. Cleavage {010},
perfect; flexible; inelastic; soft. G = 4.5. R = 29.5-34.0 (540 nm); moderately
pleochroic and anisotropic. Burnside, Northumberland Co., PA, deposited from
a burning coal-waste dump, bm MM 50:279(1986), AM 72:102/7(1987),
ABI:285.

Tetradymite G roup

The tetradymite structures are rhombohedral selenides and tellurides having
the chemical formula

A2X3
where

A = BiorSh
B = Te, Se, S



and the structure is in space group RSm, based on layers of successive planes
composed entirely of A or X atoms [AM 76:257(1991)]. The structure is simi-
lar to that of the arsenic, joseite, and tsumoite groups.

Tetradymite Group

Space

Mireral Formula Group a c D

Tetradymite Bi2Te2S RSm 4238 2959  7.27 2.11.7.1
Tellurobismuthite Bi2Tes RSm 4.43 29.91  7.86 2.11.7.2
Tellurantimony  Sba2Tes RSm 4.262  30.45  6.51 2.11.7.3
Paraguanajuatite Bi2(Se,S)3 RSm 4.140 28.64 7.68 2.11.7.4
Kawazulite Bi2(Te,Se,5)3  RSM 4240 29.66 8.1 2.11.7.5
Skippenite Bi2Se2Te RSm 4183  29.12  7.94 2.11.7.6

2.11.7.1 Tetradymite BiZle2S

Named in 1831 for the fourfold twinned crystals. Tetradymite group, nex-r
RSm. a = 4.238, ¢ = 29.59, Z= 3, D = 7.27. 19-1330: 3.10i0 2.2910 2.11g 1.97g
1.938 1.64g 1.35g 1.30g. Rarely as acute rhombohedral crystals, commonly as
foliated to bladed masses. Steel-gray, steel-gray streak, metallic luster. Clea-
vage {0001}, perfect; flexible, inelastic laminae. H = I, VHNX% = 30-44.
G = 7.1-7.4. R = 53.2-56.4 (540 nm); weakly anisotropic. Widely distributed
in small amounts, commonly in hydrothermal gold-quartz veins. Whitehall
mines, Spotsylvania Co., VA; Sylvanite dist., Hidalgo Co., NM; Trail Creek,
Blaine Co., ID; Bisbee, AZ; Melones and Morgan mines, Calaveras Co., CA;
Eureka mine, Abitibi Co., PQ, White Elephant mine, near Vernon, BC, Dis-
covery Fork, Carmacks dist., YT, and many other localities in Canada; Nar-
verud, Telemark, Norway; Boliden, Vasterbotten, Sweden; Zahkov, Slovakia;
Ciclova, Romania; Ergelyatch deposit, Yakutia, Russia; Dashuigou, Sichuan,
China; Tsushima Is., Japan; Nanima, NSW, Australia, om DI:161, AM
34:370(1949), R:1>36, R&J-.367, AB 1:524,.

2.11.7.2 Tellurobismuthite BiZlTe3

Named in 1863 for the composition. Tetradymite group, nex-r RSm. a = 4.43,
c=2991, Z=3, D =7.86. 8-27: 3.2310 2.367 2.215 2.003 1.82a 1.612 1.498
1.414. Irregular plates and foliated masses. Pale lead-gray color and streak,
metallic luster. Cleavage {0001}, perfect; flexible, inelastic laminae. H = 1/-2,
VHN2%=51. G=7.6-7.9. R = 59.6-61.5 (540 nm); weakly anisotropic. Tel-
lurium mine, Fluvanna Co., VA; Field’s vein, Dahlonega, Lumpkin Co., GA;
Whitehorn, Fremont Co., Mt. Chipeta, Chaffee Co., and other localities in
CO; Little Mildred mine, Grant Co., NM; Bisbee, AZ; Horne mine, Noranda,
PQ, Lucky Jim mine, Quadra Is., BC, Canada; Boliden, Vasterbotten, Swe-
den; Kaler deposit, Armenia; Uzelga Cu deposit, Ural Mts., Russia; Zhana-
tyube deposit, Kazakhstan; Oya mine, Miyage Pref., Kiura mine, Oita Pref.,



and other localities in Japan, em DI:160, ACB 30:1307(1971*), R:I*36,
P&J:365, ABI:517.

2.11.7.3 Tellurantimony Sb2ZTe3

Named in 1973 for the composition. Tetradymite group, nex-r R3m.
a= 4262, c= 3045 Z=3, D - 6.51. 15-871*(syn): 3.38! 3.1610 2.354 2.133
1.77! 1.58i 1.47i 1.36i. Microscopic laths. Gray, gray streak, metallic luster.
H =2, VHN2= 50. R = 64.1-64.3 (540 nm); moderately anisotropic. Matta-
gami Lake mine, Galinee Twp., PQ, Canada; Kobetsuzawa mine, Sapporo,
Japan, bom CM 12:55(1973), P&J:363, ABL515.

2.11.7.4 Paraguanajuatite BiZSe,S)3

Named in 1948 as a dimorph of guanajuatite. Tetradymite group, hex-r RSm.
a= 4140, c= 28.64, Z= 3, D = 7.68. 33-12J*syn): 4.782 3.562 3.04i0 2.243
2.11i 2.073 1.91i 1.71J. Intergrown with guanajuatite. Lead-gray, lead-gray
streak, metallic luster. H = 2, VHNiO= 27-50. R = 51.0-55.0 (540 nm); dis-
tinctly pleochroic and anisotropic. Santa Catarina mine, Guanajuato, GTO,
Mexico; Falun, Sweden, bm AM 31*:619(191*9), R:71)* P&J:188, AB1:383.

2.11.7.5 Kawazulite Bi2(Te,Se,S)3

Named in 1970 for the locality. Tetradymite group, nex-r R2>m a = 4.240,
€= 29.66, Z= 3, D = 8.11. 29-21*8: 4.924 3.643 3.12i0 2.61z 2.315 2.125 1.76a
1.65i. Thin plates. Silver-white to tin-white, light steel-gray streak, metallic
luster. Cleavage {0001}, perfect; flexible; inelastic. B.—1® VHNI = 38.
R = 60.0 (547 nm); strongly anisotropic. Lone Pine mine, Grant Co., NM;
Ward mine, White Pine Co., NV; Dianne Cu-U claims, Mazenod Lake,
NWT, Canada; Kawazu mine, Shizuoka Pref., and Suttsu mine, Hokkaido,
Japan, om AM 57:1312(1972), CM 19:31*1(1981), ABI:258, NJMA
169:305(1995).

2.11.7.6 Skippenite Bi2SeZle

Named in 1987 for George Skippen (b.1936), Canadian geologist. Tetradymite
group, nex-r RSm. a = 4.183, ¢ = 29.12, Z = 3, D = 7.94.1*2-1373: 9.715 4.856
3.586 3.07i0 2.27? 2.135 2.09g 1.425. Massive aggregates of lamellar crystals.
Steel-gray, black streak, metallic luster. Cleavage {0001}, perfect. H = 2,
VHNZ = 52-74. R = 49.0-50.3 (540 nm); moderately anisotropic. Otish
Mts. uranium deposit, PQ, Canada, bm CM 25:625(1987), AM 71*:91*7(1989),
AB 1:1*79.

2.11.8.1 Montbrayite AuZle3

Named in 1946 for the locality. May contain up to 3% Bi, 2% Pb, and 1% Ag
and Sb. tric PIl. a= 1211, b= 13.44, c¢= 10.80, a- 104.38°, p= 97.50°,
y = 107.93°, Z= 12, D = 9.70. *5-J&*(syn): 9.30] 7.362 4.434 3.81i 2.98g
2.926 2.124 2.09i0. Microscopic grains and small masses. Yellow-white,



metallic luster. One perfect cleavage. H=2|, VHNI10b= 238. G = 9.94.
R = 63.5 (540 nra); weakly anisotropic. April Fool mine, Lincoln Co., NV;
Robb-Montbray mine, Montbray Twp., PQ, Canada; Kalgoorlie, WA, Austra-
lia. bom AM 31:515(191*6), 57:11*6(1972), R:I*35, ABL338.

2.11.9.1 Ottemannite Sn2S3

Named in 1966 for Joachim Ottemann (b.1914), German mineralogist, orth
Pnam. a = 8.864, 6 = 14.020, c= 3.747, Z= 4, D = 4.76. 11*-619(syn): 7.04
5.59 4.1310 3.744 3.263 2.754 2.675 2.263. Microscopic crystals. Gray, metallic
luster. H = 2. Gsyn = 4.87. Cerro Rico de Potosi, and Maria Teresa mine, near
Huari, Bolivia; Stiepelmann mine, Arandis, Namibia, bm AM 51:1551(1966),
CE 33:21*3(1971%), R:701*, AB1:370.

2.11.10.1 Nagyagite Pbl13Au2Sb3Te6S16

Named in 1845 for the locality, ortn (pseudo-TET). a = 8.336, 6 = 30.20,
c=8.288, Zz=2, D =751 S-3(syn): 3.0210 2.816 2.434 2.083 1.823 1.703
1516 1.46. Platy {010} with rectangular striations; also massive, granular.
Blackish lead-gray color and streak, metallic luster. Cleavage {010}, perfect;
{101}, good; flexible cleavage flakes. H = 1|, VHN1b = 60-94. G = 7.4-7.5.
R = 38.8-42.8 (540 nm); distinctly anisotropic. Widely distributed in Au-Te
deposits. Gold Mill, Boulder Co., and Cripple Creek, Teller Co., CO; Dorleska
mine, Trinity Co., CA; Muronian mine, Moss Twp., ON, and Olive Mabel
claim, Gainer Creek, BC, Canada; Schellgadener, Austria; Jilovc, Czech
Republic; Sacarimb (Nagyag), Romania; Rendaiji mine, Shizuoka Pref.,
Japan; Tarua goldfield, Fiji; Sylvia mine, Tararu Creek, New Zealand; Kal-
goorlie, WA, Australia; Farallon Negro, Catamarca Prov., Argentina, om
DI1:168, R:I*33, P&J:276, ABI:31*1*, MM 58:1*79(1991*).

2.11.11.1 Buckhornite AuPb2BiTe2S3

Named in 1992 for the locality, oren Pmmm or P222. a = 9.374, 6 = 12.326,
c=4.073, Z=2, D = 8.35. CM 30: 3.748 3.118 2.7610 2.468 2.3910 2.046 1.824
1.716. Euhedral to subhedral blades to 1.5 mm. Black, gray streak, metallic
luster. One good cleavage, sectile, flexible. VHNI0= 54. R = 41.0-47.8
(540 nm); distinctly anisotropic. Buckhorn mine, near Jamestown, Boulder
Co., CO; Jilove, Czech Republic; Megradzor deposit, Armenia, bom CM
30:1039(1992), CR 318:1225(1991%).

2.11.12.1 Bowieite (Rh,Ir,Pt)2S3

Named in 1984 for Stanley H. U. Bowie (b.1917), Scottish mineralogist, orth
Pbcn. a = 8.462, 6= 5985, c= 6.138, Z= 4, D = 6.45. 35-736(syn); 3.077
3.0110 2.997 2.147 1.766 1.738 1.168 1.1510. Microscopic anhedral grains.
Gray, metallic luster. H = 6-7, VHNioo = 1288. R = 46.2-47.8 (540 nm);
weakly anisotropic. Salmon R., Goodnews Bay, AK; Gusevogorskii massif,
Ural Mts., Russia; Gaositai, Hebei Prov., China; Pirogues R., New Caledonia.
bm CM 22:51*3(1981*), ABI1:66.



2.11.12.2 Kashinite (Ir,Rh)2S3

Named in 1985 for S. A. Kashin (1900-1980), Russian geologist, ortn Pbcn.
a=8.469, b= 6.001, c=6.143, Z= 4, D = 10.23. U-1416: 3.078 3.0110 2.997
2.155 1.745 1.196 1.148 1.035. Microscopic subhedral crystals. Gray-black,
metallic luster. H = 7|, VHN® = 1529. R = 45.8-47.5 (540 nm); distinctly
anisotropic. Goodnews Bay, AK; Nizhni Tagil, Ural Mts., Russia, in
placers, bom ZVMO 114:617(1985), AM 72:223(1987), AB1:257.

Pyrite Group
Many metal disulfides share the pyrite structure

AX2
where

A = Au, Co, Cu, Fe, Mn, Ni, Os, Pd, Pt, Ru
X = As, Bi, S, Sb, Se, Te

and structure is in the cubic space group Pa3. In the pyrite structure, metal
atoms occupy the face-centered cubic lattice positions, and the S atoms lie in
dumbbell-like pairs (SI~ groups) parallel to the four cube diagonals of the
lattice. Each Fe is surrounded by six S atoms in octahedral coordination.
Each pair of S atoms is coordinated to six Fe atoms.



Pyrite Group

Space

Mineral Formula Group a D

Pyrite FeS2 Pa3 5417 501 212.1.1
V aesite NiS2 Pa3 5.670 4.47 212.1.2
Cattierite CoS2 Pa3 5534 482 21213
Penroseite NiSe2 Pa3 5991 6.70 21214
Trogtalite CoSe2 Pa3d 5931 720 21215
Villamaninite Cus? Pas3 564 450 21216
Fukuchilite (Cu,Fe)S2 Pa3 5.604 466 21217
Krutaite CuSe2 Pa3 6.116 6.62 212.1.8
Hauerite MnS2 Pa3 61(0 348 21219
Laurite RuS2 Pa3 5.610 62 212.1.10
Aurostibite AuShb2 Pa3 6.659 991 212.1.11
K rutovite NiAs2 Pa3 5.7% 693 212112
Sperrylite PtAs2 Pa3 5.967 10.78 212113
Geversite PtSb2 Pa3 6.44 1091 212114
Insizwaite Pt(Bi,Sbh)2 Pa3 6.691 13.59 212115
Erlichmanite 0sS2 Pa3 5.620 9.52 2.12.1.16
Dzarkenite FeSe2 Pa3 5.783 7.34 212.1.17
Gaotaiite Iri-zTe2 Pa3 6.413 ]DO 2.12.1.18
Mayingite IrBiTe Pa3 6.502 1277 212119

Note: See also the cobaltite and marcasite groups.

2.12.1.1 Pyrite FeS2

Named in antiquity from the Greek forfire, since sparks can be struck from it.
Pyrite group. Dimorphous with marcasite. iso Po3. a—5.417, Z= 4,
D = 5.01. 6-710(Syn): 3.134 2.719 2.437 2.215 1.924 1.63i0 1.453 1.043. Habit:
Crystals common, typically cubic, also pyritohedral or octahedral; pyritohe-
dral and cubic faces commonly striated; also massive, granular, in some cases
radiated, reniform, or globular. Twins with twin axis [110], interpenetrating
(Iron Cross Law). Structure: The metal atoms occupy the face-centered cubic
lattice positions, and the S atoms lie in dumbbell-like pairs (S2* groups)
parallel to the four cube diagonals of the lattice. The S atoms are in octahedral
coordination about each Fe atom, and the S2 pairs are, in turn, coordinated to
six Fe atoms. Physical properties: Pale brass-yellow, sometimes with iridescent
tarnish, greenish black to brownish black streak, metallic luster. Cleavage
{001}, indistinct; conchoidal to uneven fracture. H = 6-6 VHNI10 = 1505-
1520. G = 4.8-5.0. Paramagnetic. Tests: Insoluble in HC1, soluble in strong
HNO03. Chemistry: Usually pure FeS2, but Ni (var. bravoite) and Co may
substitute for Fe. Optics: R = 53.8 (540 nm); may show anisotropism. Occur-
rence: The most widespread and commonest sulfide mineral, pyrite occurs in
almost all geological environments: an an accessory mineral in igneous rocks;
as a magmatic segregation; in pegmatites; in contact-metamorphic deposits; in



hydrothermal veins and replacement deposits; as a sublimation product; and
in sediments and sedimentary rocks. Localities: Only a few localities for large
or fine crystals can be mentioned. Chester, VT; Franklin, NJ; French Creek,
Chester Co., PA; Amex mine, Boss, MO; Butte, MT; Rico and Leadville, CO;
Park City and Bingham, UT; Holland mine, Santa Cruz Co., and Magma
mine, Superior, AZ; Spruce Peak, King Co., WA, Prince of Wales 1., AK;
Nanisvik mine, NWT, Canada; Cananea, SON, Naica and Santa Eulalia,
CHIH, Noche Buena and Concepcion del Oro, ZAC, Mexico; Panasquiero,
Portugal; Ambasaguas and Navajun, Logrono Prov., Spain; Rio Marina,
Elba, and Brosso, Piedmont, Italy; Kassandra, Greece; Kovdor, Kola, Russia;
Akchitau, Kazakhstan; Mt. Stewart mine, Leadville, NSW, Australia; Quir-
uvilca, La Libertad, Huanzala, Huanoco, Morococha, and San Cristobal,
Junin, Peru; Lapiana mine, Chicote Grande, Tacna, and Llallagua, Bolivia;
Serra do Cabral, MG, Brazil. Alteration: Alters readily to iron sulfates and iron
oxides. Pseudomorphs of brown limonite after pyrite crystals are common.
Uses: A source of sulfur for the manufacture of sulfuric acid, bom DI:281,
R:791, P&J:311, AB1:1,26.

2.12.1.2 Vaesite NiS2

Named in 1945 for Johannes Vaes (1902-1978), Belgian mineralogist. Pyrite
group, iso Po3.a = 5.670, Z=4,D = 4.47.11-99: 2.83i0 2.5442.3242.005 1.71g
1.5731.096 1.004. Small octahedral and cubic crystals. Silver-gray, black streak,
metallic luster. Cubic cleavage. H = 5, VHN10b = 743-837. G = 4.45. R = 31.6
(540 nm). Miliken (Sweetwater) mine, Reynolds Co., MO; Orphan mine, Grand
Canyon, AZ; Schneeberg, Nentershausen, and Iserlohn, Germany; Carmenes
district, Leon Prov., Spain; St. Marina, Khaskovo district, Bulgaria; Kosaka
mine, Japan; Scotia mine, Kalgoorlie, WA, Australia; Kasompi mine and Shin-
kolobwe mine, Shaba, Zaire; San Santiago mine, La Rioja Prov., Argentina, bm
AM 30:1,83(191,5), R:809, P&J:105, MM h3:950(1980), AB 1:551,.

2.12.1.3 Cattierite Co0S2

Named in 1945 for Felicien Cattier (1869-1946), chairman of the board,
Union Miniere du Haut-Katanga. Pyrite group, iso Pa3. a= 5.534, Z = 4,
D = 4.82. 19-362(syn): 2.77? 2.484 2.264 1.964 1.67i,, 1.484 1.0610 1.034.
Cubic crystals and granular. Silver-gray with a pink tinge, black streak,
metallic luster. Cubic cleavage. H =5 VHNI1b= 1018-1114. G = 4.82.
R = 36.7 (540 nm). Bald Knob, Alleghany Co., NC; Gansberg and Hohen-
sachsen, Black Forest, Germany; near Filipstad, Varmland, Sweden; Shinko-
lobwe mine, Shaba, Zaire, bom AM 30:1,83(191,5), ZK 150:163(1979), R:809,
P&J:105, ABI:8U.

2.12.1.4 Penroseite NiSe2

Named in 1926 for Richard A. F. Penrose (1863-1931), U.S. geologist. Pyrite
group. Dimorphous with kullerudite. Contains up to 9% Co and 6% Cu. iso
Pa3. a=5.991, Z= 4, D = 6.70. 6-507: 3.023 2.68i0 2.45i0 1.819 1.663 1.604



1.302 1.153. Reniform masses with radiating columnar structure. Steel-gray,
black streak, metallic luster. Cleavage {001}, perfect; {Oil}, distinct; sub-
conchoidal fracture; brittlee. H =3, VHNioo = 500-583. G = 6.6-6.7.
R = 41.1 (540 nm). Hope’s Nose, Devon, England; Kuusamo, Finland; Tilk-
erode, Harz, Germany; Shinkolobwe mine, Shaba, Zaire; Pacajake mine(*),
Hiaco, Bolivia, bm DZ1:291*; AM 35:360(1950), 71*1171(1989); R:818;
P&J:293; ABI1:395.

2.12.1.5 Trogtalite CoSe2

Named in 1955 for the locality. Pyrite group. Contains 9% Cu and 5% Pd.
Dimorph of hastite. iso Po3. a=5.931, Z= 4, D = 7.20. 25-253: 2.957 2.6410
2.4291.798 1.645 1.597 1.305 1.146. Microscopic grains. Iron-gray, black streak,
metallic luster. R = 41.3 (540 nm). Trogtal quarry, near Lautenthal, Harz,
Germany, Musonoi mine, Shaba, Zaire, bm NJMM:133(1955), AM
1*1:161*(1956), R:819, P&J:372, ABI:537.

2.12.1.6 Villamaninite CuS2

Named in 1920 for the locality. Pyrite group. Contains considerable Ni, Co,
and Fe. iso PaS. a=5.694, Z= 4, D = 4.50. 29-556: 3.292 2.85i0 2.553 2.333
2.013 1.724 158! 1.102. Cubic and octahedral crystals and massive. Black,
black streak, metallic luster. Perfect cubic cleavage, uneven fracture.
H=4i, VHN2 = 535-710. G= 4.4-45. R =234 (540 nm). Providencia
mine, near Villamanin, Leon Prov., Spain; Lubin mine, near Legnica, Poland.
bm NIJMM:171*(1968), AM U:1173(1989), R:816, P&J:383, AB1:558.

2.12.1.7 Fukuchilite (Cufe)S2

Named in 1969 for Nobuyo Fukuchi (1877-1934), Japanese mineralogist.
Pyrite group, iso Po3. a —5.604, Z = 4, D = 4.66. 21*-365(syn): 3.246 2.8010
2.506 2.296 1.986 1.698 1.146 1.088. Microscopic grains. Gray, gray streak,
submetallic luster. H = 6. G = 4.86. Hanawa mine, Akita Prej., Japan, om
MJJ 5:399(1969); AM 55:1811(1970), 77:1173(1989); AB 1:167.

2.12.1.8 Krutaite Cu$e2

Named in 1972 for Tomas Kruta (b.1906), Czech mineralogist. Contains
minor Ni and Co. Pyrite group, iso Pa3. a= 6.116, Z= 4, D = 6.62. 25-309:
3.0292.71102.488 1.836 1.684 1.623 1.323 1.174. Microscopic subhedral crystals.
Gray, gray streak, metallic luster. H = 4, VHN 100 = 317, R = 34.9 (540 nm).
Petrovice mine, Moravia, Czech Republic; EI Dragon mine(*), Potosi, Bolivia.
bm BM 95:1*75(1972), AM 59:210(1971*), R:820, P&J:229, AB1:277.



2.12.1.9 Hauerite MnS2

Named in 1846 for Josef von Hauer (1778-1863) and his son Franz von Hauer
(1822-1899), Austrian geologists. Pyrite group, iso Pa3. a —6.100, Z = 4,
D = 3.48. 25-5U9{syn): 3.05102.7372.497 2.167 1.848 1.257 1.18s 1.087. Octahe-
dral crystals and globular aggregates. Red-brown to brown-black, red-brown
streak, adamantine to submetallic luster. Perfect cubic cleavage. H = 4.
G = 3.46. R =248 (540 nm); isotropic, N = 2.69. Salt domes in Texas;
Kalinka, Slovakia; Jeziorko and Grzybow, Poland; Raddusa(*), Sicily, Italy;
Yazovsk and Podgornensk deposits, Aktyubinsk, Ural Mts., Russia, bm
D1:293, R:826, P&J:19h, ABI:207.

2.12.1.10 Laurite RuS2

Named in 1866 for Laura R. Joy, wife of C. A. Joy (1823-1891), U.S. chemist.
Pyrite group. Forms a series with erlichmanite, OsS2. iso Pa3. a —5.610,
Z=4, D=6.22. 19-1107(syn): 3.248 2.8110 2.512 2.292 1.986 1.6910 1.62z
1.084. Small cubic, octahedral, and pyritohedral crystals and rounded grains.
Iron-black, dark gray streak, metallic luster. Cleavage {111}, perfect. H = I\,
VHNZ = 2760-2898. G- 6.2-7.0. R = 40.2 (540 nm). Stillwater Complex,
MT; Yuba R., Nevada Co., and Trinity R., Trinity Co., CA; Goodnews
Bay, AK; Tulameen area, BC, Canada; Konder massif, Yakutia, Russia;
Pontijn, Tanah Laut, Borneo; Pirogues R., New Caledonia; Maud Creek,
Howard R., New Zealand; Guma Water, Sierra Leone; Merensky Reef, Trans-
vaal, South Africa, bom DI:291, R:820, P&J:233, MM h7:765(1983), AB 1:289.

2.12.1.11 Aurostibite AuSb2

Named in 1952 for the composition. Pyrite group, iso Pa3. a —6.659, Z = 4,
D = 9.91. 8-U60(syn); 3.853 3.337 2.988 2.726 2.366 2.01lo 1.78s 1.283. Micro-
scopic grains. Gray, metallic luster. H = 