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INrnotuc"noN

ffte Qommission on New Minerals and Mineral
Names (hereafter abbreviated as CNMMN) of the
International Mineralogical Association was established
in 1959 for the purpose of controlling the introduction
of new minerals and mineral names, and of rationalizing
mineral nomenclature. Since that time, the work of
CNMMN has gained overwhelming support from the
international mineralogical com munity. The CNMMN
consists of representatives appointed by national
mineralogical bodies, and an executive committee
consisting of chairman, vice-chairman and secretary. A
list of current members is given in Appendix I.

The activities of the CNMMN, and its various
recommendations for mineral nomenclature, have
been widely published in a substantial number of
mineralogical journals over a number ofyears; there is
a clear need to consolidate these reports to provide an
up-to-date account of the procedures currently foltowed
by the CNMMN and updated guidelines on mineral
nomenclature. In this paper, which represents a
consensus of CNMMN members, and which has
benefitted from their suggestions, we attempt to do that.
It incorporates material from previous reports on
mineral nomenclature and procedures of the CNMMN,
including general papers such as those by Hey et at.
(1961), Fleischer (1970), Donnay & Fleischer (1970),
Dunn & Mandarino (1988), Mandarino et al. (1984)
and Nickel & Mandariao (1987), as well as papers on
more specific topics, which will be referred to in the
body of this paper. This paper is therefore a revised
update of the procedures employed by the CNMMN
and of general guidelines for mineral nomenclature.

It must be understood that the CNMMN does not
wish to impose an arbitrary set of rigid rules on ttre
mineralogical community, but rather to provide a set of

coherent guidelines that provide a reasonably consistent
approach to the introduction ofnew minerals and the
application of mineral nomenclature. The guidelines
presented herein probably apply reasonably well to the
great majority of cases, but inevitably situations arise
that do not conform so readily. As is mentioned several
times in the text, each case must be judged on its own
merits.

Cnrrsnta FoR A NEw Mmenar Specns

G ene r al c o ns ide rati ons

A mineral substance is a naturally occurring solid
that has been formed by geological processes, either
on earth or in extraterrestrial bodies (Nickel 1995a).
A mineral species is a mineral substance with well-
defined chemical composition and crystallographic
properties, and which merits a unique name. General
criteria for defining mineral species are given below.
In practiceo most mineral species conform to these
criteria, but exceptions and borderliae cases inevitably
arise, and ultimately each proposal to introduce a new
mineral species or to change mineral nomenclature
must be considered on its own merits.

The concept of a mineral species

A mineral species is defined mainly on the basis
of its chemical composition and crystallographic
properties, and these must therefore be the key factors
in determining whether the creation of a new mineral
species and a new mineral name is justified. If a
mineral is found whose composition or crystallographic
properties (or both) are substantially different from
those of any existing mineral species, there is a possi-
bilify that it may be a new species. A general guideline
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for compositional criteria is that at least one sffuctural
site in the potential new mineral should be predomi-
nantly occupied by a different chemical component
than that which occurs in the equivalent site in an
existing mineral species.

Example 1: Hydroxylapatite and fluorapatite both
crystallize in the hexagonal systemo with the same
space group, and have similar unit-cell parameters.
They are considered as separate species because the
relevant structural site is predominantly occupied by
OH in hydroxylapatite, and by F in fluorapatite.

Example 2: Sphalerite (ZnS) and "marmatite"
([Zn,Fe]S) are both cubic, with the same space group
and similar unit-cell parameters, but they are not
regarded as separate species because the cationic
structural site is predominantly occupied by Zn in both
cases. "Marmatite" is regarded as a ferroan variety of
sphalerite.

Substances formed by humnn intervention

Anthropogenic substances, i.e. those made by Man,
are not regarded as minerals. However, there are other
cases in which human intervention in the creation of a
substance is less direct, and the borderline between
mineral and non-mineral can be unclear. One such case
is the occurrence of new substances that owe their
origin, at least in part, to human activities such as
mining or quarrying. If such substances are formed
purely as a result of the exposure of existing rock
or minerals to the atmosphere or to the effects of
groundwater, they can generally be accepted as
minerals. However, if their occurrence is due, at least in
part, to the interaction of existing minerals with
substances of non-geological origin such as blasting
powder, corroded human artifacts or industrially
contaminated water, then such products are not to be
regarded as minerals.

Substances formed by combustion are not generally
regarded as minerals. A contentious issue is the
occrurence of substances in the combustion products
of coal mines, waste dumps or peat bogs. The origin of
a particular fire is often difficult to determine, and
therefore the possibility of human intervention cannot
be entirely eliminated, nor can the possibility of human
artifacts contributing to the combustion products. It has
therefore been decided that, as a general rule, products
of combustion are not to be considered as minerals in
the future.

Another contentious issue is whether substances
formed by the action of air or water on anthropogenic
substances should be regarded as minerals. A well-
known example is that of the Laurium "minerals"
formed by the reaction of seawater with ancient
metallurgical slags. A potential problem with accepting

similar products as minerals in the modern age is that a
multitude of unusual substances could be created
purposely by exposing exotic Man-made materials to
the influence of weathering agents, and it would not be
appropriate to give such substances the same status as
minerals formed entirely by geological processes. It
was therefore decided that substances formed from
Man-made materials by geological agents should not
be accepted as minerals in the future (Nickel 1995a).
However, the exclusion of such substances from the
mineral lexicon does not preclude their description as
artificial substances.

Substances that would not be accepted as minerals
according to the above criteria, but which have
been accepted in the past are not to be automatically
discredited as a result of the new rulings, as it is not our
intention to roll back the clock but rather to establish
guidelines for the future.

Biogenic substances

It is not always possible to draw a sharp distinction
between biogenic substances, i.e. those produced by
biological processes, and minerals, which are normally
produced by geological processes. For instance, it is
becoming increasingly clear that many of the processes
associated with diagenesis are influencedo to some
extent, by bacterial action, and the biosphere is com-
monly regarded as an integral part ofthe geochemical
cycle. Nevertheless, it is necessary to make a formal
distinction so as to prevent a host of purely biological
materials being incorporated into the world of minerals.
Some biogenic substances, such as hydroxylapatite in
teeth, whewellite in urinary calculi or aragonite in the
shells of molluscs, also exist as minerals formed by
geochemical processes, and therefore are regarded as
valid minerals. Howevero purely biogenic substances
that have no geological counterparts, or whose origin
owes essentially nothing to geological processes, are
not regarded as minerals.

However, substances formed by the action of
geological processes on organic material, such as the
chemical compounds crystallized from organic matter
in shale or from bat guano, can be accepled as minerals.

Amorphous substances

Amorphous substances are non-crystalline, and
therefore do not meet the normal requirements for
mineral species. The term "crystalline", as generally
used in mineralogy, means atomic order on a scale
that can produce a regular array of diffraction spots
when the substance is traversed by a wave of suitable
wavelength (X-ray, electrons, neutrons, erc.). However,
some geologically derived substances such as
gels, glasses and bitumens are non-crystalline. Such
substances can be divided into two categories:
amolphous, those substances that have never been
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crystalline and do not diffract, and metamict, those that
were crystalline at one time, but whose crystallinity
has been destroyed by ionizing radiation. Some
mineralogists are reluctant to accept amorphous
substances as mineral species because of the difficulty
of determining whether the substance is a true chemical
compound or a mixture, and the impossibility of
characterizing it completely; the term "mineraloid" is
sometimes applied to such subsrances. However, in the
past some amorphous substances (e.g., georgeite,
calcio-uranoite) have been accepted as mineral species
by the CNMMN.

With modern techniques, it is possible to study
4morphous phases more effectively than was possible
in the past. Spectroscopic methods associated with a
complete chemical analysis can in many cases identiff
an amorphous phase unequivocally. In fact, appropriate
spectroscopic techniques (e.9., IR, NMR, Raman,
EXAFS, Mdssbauer) can reveal the three-dimensional
short-range structural environment (chemical bonds) of
each atom in the structure. Of course, without the
possibility of obtaining a complete crystal-structure
analysis, which can give the coordinates and the nature
of the atoms, the need for a complete chemical analysis
is more stringent 1ryi{1 amorphous material than with a
crystalline phase.

The basis for accepting a naturally occurring
amorphous phase as a mineral species could be a
series of complete quantitative chemical analyses that
are sufficient to reveal the homogeneous chemical
composition of a substantial number of grains in
the specimen, and physicochemical data (normally
spectroscopic) that prove the uniqueness of the phase.

Metamict substances, if formed by geological
processes, are accepted as mineral species if it can be
established with reasonable certainty that the original
substance (before metamictization) was a crystalline
mineral of the same bulk composition. Evidence
for this includes the restoration of crystallinity by
appropriate heat-treatment and the compatibility of the
diffraction pattern of the heat-treated product with
the external morphology (if any) of the original crystal,
e.9., fergusonite-(Y).

The maner of size

The main criteria for defining a mineral species
are its composition and crystal structure; with the
development of modern analytical techniques, it is
now possible to perform complete chemical and
crystal-structure analyse^s on nanometric volumes, 1.e.,
on the scale of a few Angstrdm units. Should such
submicroscopic domains be accepted as valid mineral
species? There is a wide range of opinions on this
subject. On the one hand, it is argued that if a mineral
substance can be characterized in terms of composition
and crystallography, then it should be regarded as

a valid mineral species. On the other hand, it is
contended that the other properties traditionally
reported for minerals, such as color, hardness, optical
properties, etc., cannotbe delermined on an area of that
size, and that the description is therefore incomplete.
Furthermore, the size of the described particle should
be sufficiently large so that sufficient type material can
be retained to enable a later independent examination
to confirm the original characteization. Another
argument against the acceptance of nanometric
specimens as valid mineral species is that such
substances cannot be adequately displayed in mineral
museums. It has not been possible to reach agreement
on a minimal acceptable size for a mineral substance to
be regarded as a species, and therefore each case must
be decided on its own merits.

Stability unde r ambient conditions

Many minerals were formed under conditions of
high temperature or pressure (or both) and are
metastable under ambient conditions; others may tend
to hydrate or dehydrate when removed from their
place of origin. Such minerals may require special
procedures to prevent their decomposition before the
investigation is complete. The use of special procedures
in the investigation does not preclude the acceptance
of a metastable substance as a mineral species if it can
be adequately characteized and if it meets the other
criteria for a mineral.

Polymorph:

Polymorphic minerals are those that have essen-
tially the same chemical composition, but different
crystal structures. The polymorphic forms of a mineral
are regarded as different species if their structures
are topologically different. However, if the crystal
structures of the polymorphs have essentially the
same topology, differing only in terms of a structural
distortion or in the order - disorder relationship
of some of the atoms comprising the structure, such
polymorphs are not regarded as separate species. The
names of such topologically similar polymorphs can be
distinguished by the addition of crystallographic
suffixes to the mineral name, as discussed in a later
section.

Although the formal definition of polymorphism is
restricted to substances with identical chemical compo-
sitions, this strict limitation is broadened somewhat to
include relatively minor chemical variations when the
topology of the structure is retained.

Example 1: Graphite and diamond are polymorphs of
crystalline carbon; both have the same composition,
but their structures are topologically different, and
therefore minerals such as these are reqarded as
separate species.
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Example 2: Analcime has a number of topologically
similar polymorphs, e.9., cubic, tetragonal, ortho-
rhombic, monoclinic, triclinic and possibly even
trigonal, caused by relatively minor variations in
symmetry due to different degrees of order of Si and
Al with related different occupancies of the nearest
Na structural site. Such polymorphs are not to be
regarded as separate species.

Example 3: Orthoclase and microcline have essentially
the same composition and topologically similar
structures. According to current practiceo these minerals
would not be regarded as separate species, but their
names are retained in the mineral lexicon for historical
reasons.

Polytypes and polytypoids

Polytypes are substances that occur in several
different structural modificationso each of which may
be regarded as being built up by the stacking of layers
of (nearly) identical structure and composition, and
with the modifications differing only in their stacking
sequence (Guinier et al. 1984). Polytypoids are
substances that do not fit the strict definition of a
polytype, and include minerals with the same topology
and with somewhat different compositions. Polyrypes
and polytypoids are not regarded as separate species
and, like topologically similar polymorphs, they can be
distinguished by the addition of a crystallographic suffix
to the mineral name. as indicated in a later section.

Example l: Hiigbomite exists in a number of different
hexagonal and rhombohedral polytypes owing to
variations in the stacking of the basic structural layers.
These polytypes rue not regarded as separate mineral
species, and can be distinguished by appropriate
suffixes (see later).

Example 2: Pyrrhotite, Fer_,S, where x varies
between 0 and 0.12, exists in a number of different
crystallographic forms owing to variations in the degree
of order of the Fe vacancies in the S lattice; because of
the variable chemical composition, the different types
of pyrrhotite can be regarded as polytypoids and are not
regarded as separate species.

Re g ular inte rs *artfi c arton s

Regular intersffatifications of two or more minerals
are accepted as separate species if the kinds of layerso
their relative proportions, chemical compositions, and
regularity of interstratification in three dimensions
on a micrometric or nanomeric scale have been well
documented. Such information can commonly be
obtained by transmission electron microscopy (TEM)

using lattice-imaging techniques. However, if the
evidence for regularity of stratification is based on
X-ray diffraction data, then the criteria of Bailey (1981)
should be applied.

Example: A regular interstratification of talc and a
trioctahedral smectite qualifies as a separate mineral
specieso aliettite.

Polysomntic sertes

Homologous structures are those that consist of
structural units built on common structural principles;
these structures contain the same chemical elements,
although in different proportions, and differ with
respect to the size of the units. A homologous series is
a series of structures that can be derived from one type
of basic structural unit using one type of recombination
principle. Homologous series can be classified into fwo
categories, accretional and variable-fit; combinations of
the two fypes are known also to occur.

An accretional homologous serieso also known as a
polysomatic series, is one in which the types of building
blocks (rods, layers, etc.) and the principles that define
their mutual relationships remain preserved, but in
which the sizes of these blocks vary incrementally
(Veblen I 991). A member of an accretional homologous
series can be regarded as a distinct species if it has the
following properties: a) unique size of the fundamental
building block, b) unique crystallographic unit-cell, and
c) unique composition or a limited compositional range
(Makovicky 1989).

Example 1: The structures of the sulfosalt minerals
lillianite, eskimoite, vikingite, ourayite, gustavite
and heyrovskyite can all be interpreted as consisting of
alternating galenaJike modules twinned on (131)
of the galena motif (Makovicky & Karup-M4ller 1977).
The sizes of the modules, the unit-cell parameters, and
the chemical compositions of these minerals are all
different, which justifies their existence as separate
species.

Example 2: Composite structures of members of the
cylindrite group are formed of two kinds of layers,
pseudohexagonal (H) and pseudotetragonal (Q).
Cylindrite and franckeite have the same Q-H-Q-H
sequence of stratification, but in franckeite the width of
the Q layer is twice that of the Q layer of cylindrite.
The two minerals are therefore regarded as separate
species.

A variable-fit homologous series can also be
regarded as coupled homeotypes forming a composite
structure. Such a series is one in which the structure
consists of two kinds of alternating, mutually
non-commensurate buildine blocks. Each kind of
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building block has its own short-range periodicity, and
it takes la periods of one block and n periods of the
other block before they meet in the same configuration
as was observed at ttre preselected origin. The
non-commensurability of the building blocks may be
one- or two-dimensional, aIt6 ir u5ually connected with
geometrical and compositional long-range modulation
of both layer types (Makovicky & Hyde 1981). The
period of the long-range match may vary within certain
relatively broad limits because of incremental changes
in the value of rn or n. Because of this, the structures
are infinitely adaptive, and a great number of possible
variants can result. For this reason, individual members
of variable-fit homologous series should not be regarded
as separate species (see a later section for suggestions
in the nomenclature of this group of minerals).

Example: The cylindrite structure has been interpreted
as consisting of incommensurate alternating layers of
pseudotetragonal and pseudohexagonal symmetry.
Several different coincident lattices have been reported
for this mineral (Makovicky & Hyde 1981), but these
do not qualiff for separate species status.

9r7

In multiple solid-solution series, the 50Vo rule is
interpreted to mean predominant occupancy of a
particular structural site. Thus, if there are two types
of atom in a structural site, the species is to be defined
by the atom comprising at least 50Vo of that site. If
there are more than two substituting atoms in the
site, the species is defined by the predominant atom
occupying the site. For the purpose of species definition,
site vacancies, commonly shown as ! in chemical
formulae, are to be regarded as atoms.

In minerals with complex structures and a
multiplicity of structural sites tlat can accommodate
a variety of different elements, the 50Vo rule may be
difficult to apply, and authors of new-mineral proposals
that rely on this rule for a particular structural site should
substantiate their designation by a crystal-structure
analysis.

The problem of applying the 50Va rule to members
of a complex group is exemplified by the amphibole
minerals. The example given below shows that the 50%
rule should not be applied too rigorously, and that
a certain degree of latirude must be permitted when
dealing with complex minerals.

PROCEDTIRES AND GUIDELINES ON MINERAL NOMENCLATURE

Modulated structures

Misfits between structural units can also be
accommodated by structural perturbations. If these
perturbations are of a periodic nature, the resultant
structures are termed modulated stnrctures, and are
generally manifested in diffraction patterns by the
appearance of superstructure refl ections. Modulated
variants of an existing mineral species do not warrant
separate species status.

Example; [n the antigorite structure, a misfit between
the octahedral and tetrahedral layers is resolved by
structural adjustments that result in the formation of
sffuctural waves with different periodicities. The various
modulations are not regarded as separate species.

Solid-solarton series

In a continuous binary solid-solution series, only the
two end-members are regarded as species, and the
compositional range of the species is taken to apply
from that of the end member to 5O mol%o of the series;
this is generally known as the "507o ru1e". If a binary
solid-solution is incomplete, and the composition of
one of the end members exceeds 5O molVo by a small
amount, then, strictly speaking, that part ofthe series
exceeding the 50Vo mark could be regarded as a sepa-
rate species. However, for practical purposes, it may
not be desirable to create a new species defining only a
very short compositional range, and therefore such
cases should be considered on their individual merits.

Example: With a generalized amphibole composition
expressed by the formula AB2CtTtOrr(OH)r, the C
"siteo' actually comprises 5 different sites, and the T
"site" actually comprises 8 sites. With the C sites able
to accommodate Mg, Fe2*, Mn2*, Li, and a number of
less common elements, there is a gteat opportunity
for the proliferation of mineral species if the 5OVa tule
for each structural site were strictly adhered to. Added
to this is the difficulty of accurately determining
site-populations for elements with similar scattering
powers.'The Amphibole Subcommittee therefore
decided to regard the different C sites as one composite
site, and to apply the 50Vo rule to it. The Z sites,
normally occupied by Si and Al, presented a different
problem, as petrologists had long regarded the partial
replacement of Si by AI as being of petrological
significance. The 8 Zsites were therefore not considered
as one composite site, and smaller increments in the
Si:Al ratio were taken as the effective boundaries
between species.

In some cases, solid-solution series do not extend
to either end member, but instead, the compositions
cluster around the 5OVo mark. For practical reasons, it
may not be appropriate to denote the compositions on
the two sides of the 5OVo mark as separate species.
Such cases should be considered on their own merits.

Exarnple: In pentlandite, (Fe,Ni)eSr, Fe and Ni
substitute for each other to a limited extent, with
compositions centered around Fer.rNio.rSs. It has not
been found necessary to divide pentlandite into two
species, an Fe-dominant one and a Ni-dominant one.
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Some additional details applying to multiple and
partial solid-solution series are given in Nickel (1992).

Rrqunrwxrs FoR TrIE AppRovAL oF NEw MTNERAI-s

Before a new mineral and its name can be accepted
into the literatureo they must be approved by the
CNMMN. To obtain this approval, the senior investigator
should submit aproposal to the chairman of the CNMMN
(see Appendix f), either directly, or through a national
new-minerals committee, if appropriate; at present,
national committees perform this function in Russia
and China.

It is important tlat a new-mineral proposal be
submitted for approval before publication. Such a
submission should contain as much information as
possible so that the CNMMN can adequately judge
the validiry of the proposal. Ideally, a new-mineral
proposal should contain the following information:

Proposed name and reason for its selection.
Description of the occurrence (geographic and

geological occurrences, paragenesis, and a list of
associated minerals, particularly those in apparent
equilibrium with the new mineral).

Chemical composition and method of analysis.
Chemical formula, empirical and simplified.
Crystallography: crystal system, crystal class, space

group, point group, unit-cell parameters, unit-cell
volume, number of formula units per unit cell, and
X-ray powder-diffraction data.

Crystal structure: general description, site
populations, structural formula, reliabil ity factor.

General appearance and physical properties: grain
or crystal size, morphology, type of aggregate, color,
streako luster, transparency, hardness, tenacity,
cleavage, parting, fracture, density, both measured
and calculated (Mandarino 1981a).

Optical properties
a) Non-opaque minerals: optical character (isotropic

or anisotropic; uniaxial or biaxial), optical sign, indices
of refraction, 2V, dispersiono orientation, pleochroism
and absorption. The compatibility index using the
Gladstone - Dale relationship (Gladstone & Dale 1864)
should also be calculated (Mandarino l98lb, Bloss et
a|.1.983).

b) Opaque minerals: color in reflected plane-polarized
light, internal refl ections, reflectance, bireflectance,
pleochroism and anisotropy. The reflectance must be
measured relative to a reflectance standard approved by
the IMA Commission on Ore Microscopy (IMA{OM),
ideally from 400 to 700 nm at intervals of 20 nm. The
minimum requirement is for reflectance data at
the wavelengths 470,546,589 and 650 nm. Where data
are supplied for measurements in oil, the oil used
should conform to the German standard DIN 58.884;
this and other recommendations of the IMA{OM are
cont4ined in Criddle & Stanley (1993).

Other data: Thermal behavior, infrared specffum,
response to chemical tests, etc.

Type material: The rype material should be
designated according to the criteria published by Dunn
& Mandarino (1987) and deposited as permanent
reference material in at least one major museum or a
nationally recognized mineral collection (pttnn 1988).

Relationship te other species.

Relevant references

Any other data that will clariff difficult parts of the
description.

It is recognized that it may not always be possible to
obtain all the above data; in such cases, the author
should give reasons for the omissions. Of particular
importance is the calculation of HrO content where it
has not been determined analytically. If H2O is reported
by difference, the method of calculation should be
clearly stated and, if possible, evidence for the presence
of H2O should be provided. AIso, ample justification
should be given for the allocation of hydrogen to H2O,
OH or H3O.

Because of great differences in the amount and type
of information that can be obtained from the study
of a particular mineral specimen, it is not practical
to speciff the irreducible minimum of information
required for a mineral to be approved; each proposal
must be considered on its own merits.

A general outline of the procedures involved in
establishing a new mineral species is given by Dunn
(1977). To assist potential authors of new-mineral
proposals, a check-list has been drawn up (Mandarino
1987) and should be submitted as part of the proposal.
Copies of an official check-list can be obtained from
the chairman of the CNMMN or from one of the
national representatives (Appendix I). Guidelines on
some aspects of new-mineral proposals are given
below.

To assist scientists who do not have all the technical
facilities to obtain some important data for the
complete definition of a new mineral, the CNMMN
(via its chairman or secretary) may ask some of its
members, or specialists of some subcommitteeso to
collaborate with these scientists in order to improve
their proposal.

It happens in some cases that non-mineralogical
specialists such as crystallographers or chemists
publish a crystal-structure description of a new mineral
that has not been officially approved by the CNMMN.
Such descriptions should not include a name for the
mineral.

If the entire mineral specimen has been consumed
during the course of the investigation, and consequently
nothing of the specimen remains to be deposited in an
appropriate collection, approval for the new mineral
will not be given; this is because some material should
always remain for possible later re-examination.
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TnSATMENT Or A Nsw-Mr.rEnar PnoposRr

When t}te chairman of the CNMMN receives a
new-mineral proposal from authors, either directly or
via the national new minerals committee in the country
of origin, he will acknowledge receipt of the proposal,
and may write to the authors asking for more information
if he considers this desirable, or he may point out
possible objections either to the mineral or to the name.
If the authors so desire, the chairman is required to
submit a proposal to the CNMMN whether or not he
approves of it. In such caseso the chairman will inform
the authors that he will give his reasons as to the unsuit-
abiliry of the proposal under "Chairman's Remarks".
The chairman's abstract of a proposal is sent by air mail
to each member of the CNMMN, and approximately 60
days are allowed for receipt of voting papers.

Members of the CNMMN are urged, not only to
vote, but also to comment in detail. The chairman is
authorized to suspend voting on a proposal to enable
more information to be obtained, or he may call for a
second vote on a proposal if, in his opinion, important
cornments made by members should be seen by all the
members. Second votes have the same voting periods
(about 60 days) and require the same majorities as
those for original proposals (see below). Any member
of the CNMMN who objects to a proposal may ask the
chairman to suspend voting or to call for a new vote,
but the final decision to do so rests with the chairman.

Abstracts of proposals dealing with opaque
minerals may be sent to some members of the
IMA-COM at the discretion of the Chairman.
Similarly the chairman may submit abstracts of any
proposals to other specialists for advisory opinions.
Such advisors do not vote, but their comments are
considered by the chairman. Serious objections raised
by any advisors are to be treated by the chairman as
specified above.

Proposals dealing with minerals belonging to
mineral groups for which subcommittees have been
organized by the CNMMN may be sent to rhe
appropriate subcommittee chairman for circulation
among the subcommittee members if the CNMMN
chairman thinks such action is advisable. Subcommittee
members are invited to submit opinions, and serious
objections raised by them are to be treated as specified
above.

If two or more proposals for the same new mineral
are received by the chairman, the proposal that arived
first in the chairman's office will have priority.
Exceptions can be made if the new-mineral proposal
has been submitted via a national new-mineral
committee and if the CNMMN chairman has been
given prior notification of the receipt of the proposal by
the national commiftee.

A proposed new mineral will be considered
approved if more than half (1/2) of the members of the
CNMMN vote on the proposal, and if more than
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two-thirds (2/3) of these members have voted '!es". A
proposed name will be considered approved if more
than one-half (l/2) of the members who vote on the
proposal vote "yes". In assessing the voting results, an
abstention is regarded as a negative vote, as it suggests
that additional information is required. After the voting
on a proposal is completed, the chairman sends the
results to the CNMMN members and to the author of
the proposal, He includes the comments of the voting
members, but the votes of individual members are not
disclosed. Reconsideration of adverse votes can be
requested by an author at any time if signifiganl a6y
data or new interpretations are obtained. If a mineral
is approved, but not the name, a new nare should be
requested by the chairman when he notifies the author
of the voting results. In cases ofrepeat voting, approvals
of the mineral and the name require the same majorities
as in the original voting.

Authors who have described new minerals without
names do not have any priority rights on the subsequent
naming of such minerals, However, as a matter of
courtesy, it is recommended that a person proposilg a
name for a previously unnamed mineral commrrnicate
with the original authors of the unnamed mineral. Any
new names proposed subsequently have to be approved
by the CNMMN, as do the minerals for which the
names are proposed.

The publication of a non-approved name or the
publication of a name for a non-approved mineral is not
acceptable, andjoumal editors should guard against the
introduction of such names.

MweRALGnouPs

The nomenclature of mineral groups is generally
dealt with by subcommiftees comprising specialists in
the group under considerationo and including at least
one member of the CNMMN. The following subcom-
mittees have been esfablished in the past: Pyrochlore,
Amphiboles, Pyroxeneso Sulfosalts, Micas, Zeolites,
Platinum-Group Minerals, Nomenclature, and Unnamed
Minerals.

The creation of a subcommittee, and the composition
of its membership, must be approved by the CNMMN.
The subcommittee is expected to forrnulate recommen-
dations for the nomenclature of minerals in the
group under consideration, and these recommendations
are submitted to the CNMMN for approval by a
voting procedure. The recommendations of a group
subcommittee are regarded as being of an advisory
nature, with the final decision regarding the adoption of
the recommendations resting with the CNMMN.

Proposals for the creation of new subcommittees
should be submitted to the chairman of the CNMMN.
If the establishment of a new subcommittee is
approved, the CNMMN secretary (see Appendix I) is
authorized to deal with procedural matters involving
the subcommittee.

PROCEDTJRES AND GTIIDELINES ON MINERALNOMENCLATURE
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CneNces ro E)ssrnrc NoMeNcr-ATURE

Genersl

Changes to existing mineral nomenclature,
including the redefinition or discreditation of existing
mineral species, the renaming of minerals, or the
revalidation of discredited or obsolete mineral names,
must be approved by the CNMMN beforc publication.
Toward this endo a suitable proposal should be
submitted to the vice-chairman of the CNMMN (see
Appendix I).

A list of changes in nomenclature approved by the
CNMMN since 1987 is given in Appendix tr.

Redefinirton

Advances in knowledge such as those resulting
from structure refinements or new chemical knowledge
extending known ranges of solid solution do not, in
general, need to be referred to the CNMMN. However,
approval of the CNMMN is required if it is proposed
to redefine a mineral a) on structural grounds, b) by
adding or deleting one or more chemical components
regarded as essential to the definition, or c) by proposing
compositional limits in a solid-solution series that are
not compatible with the existing definition of the 50Vo
rule (or its equivalent in multicomponent systems). In
case of doubt, the authors are invited to consult with the
vice-chairman of the CNMMN.

If a mineral is shown to be a mixture and one of the
components is otherwise new, the name should usually
be transferred to the new phase.

Redefinition of a mineral species requires a review
of the literature on the mineral to be redefined, a
re-examination of the type specimen (see below),
a comparison of the new data with the original, and
justification for the redefinition.

Discreditation

A mineral or mineral name may be discredited if it
can be shown that the mineral is identical to another
one that has priority, or if the name is misleading.
Requirements for discrediting a mineral species or
nane are similar to those for redefinition (above), and
have been outlined by Dunn (1990).

Revalidarton

A mineral that has been discredited or fallen into
disuse may be revalidated if a re-examination shows
that the mineral meets the normal criteria for a distinct
mineral species or that it is a mixture containing a
new mineral species. Requirements for revalidating
a mineral species are similar to those for redefinition,
as given above.

Type specimens

Wherever possible, the redefinition, discreditation
or revalidation of a mineral should be based on a
study of type material. If a type specimen exists and if
the original description, though faulty, represents a
reasonable approximation to material on the specimen,
the mineral is to be defined by reference to the type
material rather than to the original description. This
means that errors in the original description cannot
be held to discredit a mineral unless the original
description was so grossly inaccurate thato in the words
of J.D. Dana (1868), "a recognition of the mineral by
mea-ns of it is impossible".

If type material cannot be obtained for study the
investigator may propose a neotype to the CNMMN,
clearly stating the efforts made to seek the original
type-specimen, and providing satisfactory evidence for
the identity of the neotype with the original. Both the
acceptance of the neotype and approval of the proposal
are within the authority of the CNMMN.

Preparation of a nomenclature proposal

A proposal to change mineral nomenclature should
include all relevant information, including a surnmary
of the original description of the mineral, a review of
subsequent reports, the submission of new data, and
recommendations for change.

If one or more of the original authors of the mineral
to be discredited or redefined are alive, the author ofthe
discreditation or redefinition proposal should write to
the original authors asking them to comment on the
proposalo and these comments should accompany
the submission to the CNMMN.

A proposal for a change of nomenclature should
be sent to the vice-chairman of the CNMMN, who is
authorized to write to the autlor pointing out possible
deficiencies in the proposal and making suggestions for
its improvement. The proposal, modified if necessary,
is then submitted to members of the CNMMN as a draft
proposal, with an invitation for them to comment. Such
comments, if any, are forwarded to the authors of the draft
proposal, who are asked to respond to the comments,
amend the proposal, or withdraw it, as appropriate. If
the proposal is not withdrawn, the amended proposal is
submitted to the CNMMN membership for a formal
vote, together with the comments on the draft proposal
and the authors' responses. The voting procedure is
similar to that followed in the case of new-mineral
proposals, and at least a two-thirds majority is required
to approve such proposals.

GeNSRAL GunsuNes FoR MINERAL Now,NcLerunE

Choice of a new mineral name

The responsibility for the choice of a name for a
new mineral rests primarily with the author(s) of the



original description, although the name must ultimately
be approved by the CNMMN. A mineral is commonly
named for the geographical locality of its occurrence,
for the discoverer of the mineral (although not if he or
she is the author), for a person prominent in the field of
mineralogyo or for a particular property of the mineral.

The naming of minerals after commercial orgzniyl-
tions or groups that have made no specific, worthwhile
contributions 16 minslalsgy is to be discouraged, to prevent
inappropriate commercialization of the nomenclature.

If the mineral is to be named after a geographical
occurTence, care must be taken to ensure that the
spelling conforms to that in use at the locatity;
the spelling should not be taken from translations.

If the minslal is to be named aiter a living person,
that person's permission must be obtained by the
author, and this should be done prior to the submission
of the proposal to the CNMMN. When deciding to
name a mineral after a person, it is well to recall J. D.
Dana's (1854) precept: "It should be remembered that
the use of names of persons eminent in other sciences,
or of such as are ignorant of all science, is wholly at
variance with good usage and propriety; moreover, an
attempted flattery of the politically distinguished is
degrading to science, and cannot be too strongly
discountenanced". If the minglal is named aflet a
person with a space or a capital letter in the name, the
name should be modified to eliminate them, e.g.,
mcnearite, not rtcNearite; joesmithite, not joe smithite.
Otherwise, the original spelling of the person's name
should be retained.

Although the CNMMN does not have a fixed policy
on the use of compounded personal names, some
members feel that they should be discouraged, particu-
larly where they become cumbersome or cacophonous,
or where they unnecessarily distort the true names of
the individual who is supposedly being honored.

Mineral names proposed in languages that use other
than the Latin alphabet should be transliterated into the
Latin alphabet by the author of the name according to
the prevalent system operative in the country of origin.
Such transliterated names should be reported, in
national journals, for example, when the name of the
mineral is written according to other alphabets or
phonetic rules. Diacritical marks should be retained
wherever possible, but it is recognized that not all
printing establishments have the necessary facilities for
printing all types ofdiacritical marks; in such cases,
diacritical marks may be omitted.

Re-use of a discredited or obsolete name for a new
or redefined minelal is to be discouraged, except when
the new mineral is a component of a mixture originally
described as a single mineral; in such a case, fhe original
nnme may be transferred to the new phase. Re-use of a
discredited name may also be permitted if there is a
good reason why the discredited name is particularly
appropriate for the mineral in question, and the
discredited or obsolete name has not appeared in
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the active literature (except for the report of its
discreditation) for fifty years. A proposal to re-use an
obsolete name must be accompanied or preceded by
a proposal to discredit the obsolete name. If the
CNMMN does not approve a proposal to re-use a
discredited name, the author of the proposal has no
priority for the use of the discredited name, although he
is free to propose the name again at a future time.

The re-use of an obsolete or discredited name is not
permitted if the name has been used to a significant
extent outside the field of mineralogy (e.9., in petro-

Braphy, metallurgy, palaeontology, etc.), or to indicate
two or more minerals.

If an artificial substance has been given a name,
and a mineral corresponding to that substance is subse-
quently discovered, the name given to the artificial
substance does not necessarily have to be applied to the
mineral.

The name must be sufficiently different from
existing ones to prevent confusion, both in the author's
language and in others. Existing mineral nomenclature
already displays a number of examples of unfortunate
n4mes that are easily confused; names such as
celadonite and caledonite, or mnllardite and malladrite
can easily be misspelled; names such as rhodesite,
rhodizite and rhodusite are euphonically very similar'.
Introduction of new names that can create similar
problems must be avoided.

If tle new mineral is clearly and simply related to
an existing oneo it is very desirable that this relationship
be indicated in the new narne, e.9., clirnenstatite for the
monoclinic dimorph of enstatiteo or magnesiocopiapite
for the Mg analogue of copiapite. Such a name should
consist of one word only (e.9., magnesiocopiapite, not
magnesium copiapite).

Efforts should be made to choose a simple name
rather than an excessively complicated one that may be
difficult to read or pronounce. The use of excessively
long names should be avoided, as these may cause
difficulties in pronunciation, tabularions, and computer
databases.

Rare-earth minerals

The name of a mineral with essential rare-earth
elements (REE), or the chemically related elements Y
or Sc, must have a suffix indicating the dominant
rare-earth elemen! e.9,, bastniisite-(Ce); if a new mineral
is discovered with the same structure and analogous
composition, but with a different dominant rare-earth
element, it should be given a name that is analogous to
that of the existing mineral, e.9., bastndsite-(Y). A
suffix of this type is known as a Levinson modifier
after the person who introduced this procedure
(Levinson 1966). A subsequent clarification (Bayliss &
Levinson 1988) specifies that more than one chemical
symbol may be appended only if the elements occupy
different crystal-structure sites. A compilation of

PROCEDURES AND GTIIDELINES ON MINERAL NOMENCLATURE
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rare-earth minerals, appropriately suffixed, was given
as an Appendix to Nickel & Mandarino (1987).

An example of a situation that may arise is one in
which a mineral with a particular strucrural site is
occupied by both Ca and REE, and the sum of REE
elements (in molar proportions) is greater than that
of Ca, but individual REE elements are subordinate to
that ofCa. In such a caseo the mineral is regarded as a
rare-earth mineral, with a l,evinson modifier specifying
the predominant REE.

Ext ended lzv ins on modifi e r s

As noted above, Levinson modifiers are used
primarily in the nomenclature of rare-earth minerals. In
a few cases, however, the procedure has been extended
to other mineral groups that can contain different
substituting elements in one or more structural sites,
e.9., jahnsite and pumpellyite. In zeolites, such modifiers
are used without parentheses to indicate exchangeable
cations. In general, the use of extended Levinson modi-
fiers is acceptable in cases where only one substituting
element is suffixedo but suffixes consisting of multiple
elements are conditionally acceptable in cases where
the structure is complex, and use of such suffixes
simplifies the nomenclature.

Adjectival modifiers

In mineralogical nomenclature, it is important to
distinguish the name proper from adjectival modifiers
that may precede the nrme and are not connected to it.
An adjectival modifier is not considered to be part of
the mineral name, and is normally used to indicate a
compositional variant, e. 9., ferroan menganotantalite,
where ferroan is the adjectival modifier that indicates
the presence of some ferrous kon, and manganotantalite
is the name proper. It is recommended that Latin-
derived adjectives should be used wherever possible
(Hey & Gottardi l98O), e.C., natrinnversus sodi.an, and
kalian versus potassien. The adjectival modifiers
recommended by Schaller (1930) have found general
acceptance, and they have been augmented by addi-
tional ones in the more comprehensive list of adjectival
moffiers published by Nickel & Mandarino (1987). In
constructing an adjectival moffier that is not in the list,
the ending oan is to be used for the ion with the lower
valency, and ian for the higher. If the valency of an
element in a particular mineral is not known, the adjec-
tival modifier derived from ttre more likeln or more
cortrmon, valence state of the element should be used.

As adjectival modifiers are not considered to be a
part of the mineral name, they should be ignored in the
preparation of alphabetical indexes. Occasionally an
adjectival modifier is grven in the form of a hyphenated
chemical prefrx, e.g., Li-tosudite, rather tban lithian
tosudite or lithium-bearing tosudite. Such usage is
incorrect and should be avoided.

Varietal names

The existing names of minslal varieties such as
amethyst, kunzite, etc., which are not regarded
aS species, do not come under the jurisdiction of
the CNMMN, and are therefore unregulated. The
introducfion of new varietal names, however, is to be
discouraged, as it tends to create confusion in the
mineralogical literature.

Nomznclature of mineral groups

As noted above, subcommittees have been
established for a number of complex mineral groups.
Some of these subcommittees have produced reports
that have been approved by the CNMMN, and these
reports have been published in a number of different
journals. The reports, which include guidelines for the
nomenclature of minerals comprising these groups, are
too complex to be summarized adequately here; readers
are advised to consult the published reports of these
subcommittees, as follows: pyrochlore: Hogarth (1977),
pyroxenes: Morimoto et al. (1989), platinum-group
minerals: Harris & Cabri (1991), amphiboles: l-eake et
aI. (1997), zeolites: Coombs et al. (1997) and micas:
Rieder et al. (1998).

ln general, names of less complex mineral groups
are well established in ths mineralogical literature, and
frequently one of the species names of the minerals
comprising the group is used for this purpose. The use
of such group names is not regulated by the CNMMN,
but the creation of a new name must have the approval
of the CNMMN.

Nomenclature of polytypes, polyrypoids and
polymorphs

The approved system for denoting polytypes is the
modified Gard notation recommended by the Interna-
tional Mineralogical Association and the International
Union of Crystallography (Bailey et al. 1978, Guinier
et al. 1984, Nickel 1993). It consists of the mineral
name followed by a hyphenated, italicized suffix
comprising an alphabetical character to indicate crystal
systemo preceded by a numerical symbol to indicate
multiplicity ofthe structural unit, as flust proposed by
Ramsdell (1947). This system can also be used for
topologically similar pslyrnorphs and for polytypoids.
The atphabetical characters to be used in the suffixes
are as follows: cubic: C, tetragonal: p (for puadratic),
hexagonal: Ho trigonal: T, rhombohedral: R,
orthorhombic: O, and triclinic: A (forAnorthic).

Example 1: Muscovite-lM is-the monoclinic polytype
of muscovite with c = 10 A; muscovite-2Mt is the
monoclinic polytype of muscovite with c = 20 A, and
muscovite-3Z is the trigonal polytype of muscovite
w i thc=30A .



Example 2: Analcime has a number of topologically
identical polymorphs caused by different degrees of
order ofAI and Si in the tetrahedral structural sites. The
different polymorphs are distinguished by the suffixes
-lC, -lQ, -IM, etc.

Nomenclature of nanometric domains

If a domain of nanometric dimensions in a larger
mineral grain has n unique composition or crystal
structure but is not sufficiently large to quali$ as a
mineral specieso it should not be given a distinctive
mineral name. If it is deemed necessary to refer to such
a domain by name, i1 should rerain the narne of the host
mineralo with the addition of an appropriate suffix to
indicate the crystallographic or compositional nature
of the domain. Such suffixes do not require approval by
theCNMMN.

Nomenclnture of variable-fit homalo gous series

Individual names should not be given to members of
variable-fit homologous series (see a previous section2.
Instead, an optional descriptive modifier may be
appended, describing the match between the building
blocks. The contents of the appended symbol will vary
according to the precision required or the method used,
should contain the word "homologue", and should be
enclosed by < > brackets. An example is "cylindrite
< homo lo g ue ( I 9, I 3) Ql (3 0, I 2) H>" for a homologue
of the cytndrite series with a tetragonal (quadratic)
building block of 19 by 13 units that is commensurable
with a hexagonal block of 30 by 12 units.

Prefixes in mineral names

In applying compositional prefixes to mineral
names, it is recommended that Latin-derived prefixes
be used instead of other linguistic derivatives (Hey &
Gofiardi 1980), e.9., ferco- instead, of eisen-, natri-
instead of soda-, or stanno- instead of olovo-.

Prefixes are an integral part of the mineral name,
and should generally be reated as such in the preparation
of alphabetical compilations or indexes. However, an
exception can be made in the case of prefixed symbols
such as Greek letters or their spelled-out Latin
equivalentso which may be positioned after the main
name in alphabetical listings; e.g., B-roselite may be
written as roselite-B or roselite-beta.

The prefix para should be used only for names of
dimelpfts or polymorphs of known mins14]s. The prefix
meta shonld be used only for names of lower hydrates
of known mine14l5.

Hyphens in mineral names

Hyphens are used in mineral names to connect
suffixed symbols, such as polytype suffixes and
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[,evinson modifiers. The use of a hyphen to distinguish
a prefix from the root name is to be discouraged, but
where an unhyphenated name is awkward and a hyphen
assists in deciphering the name, it may be used, e.9.,
b ario - orthoj o aquini t e.

Mineral namzs for synthetic substances

Unmodified mineral names should not, in general,
be used for synthetic substances corresponding to
existing mineralso chemical analogues of existing
minel4lso or hypothetical minerals. Howevero synthetic
substances that correspond to existing minerals may be
given mineral names if such names are suitably
modified to clearly indicate their synthetic origin
(Nickel 1995b), or if the synthetic origin of such
substances is clearly stated.

PugLtcAT'IoN oF TIIE DEScRIpTIoNS
oFAPPRoYED MNERAI-S

The published paper describing the new mineral
should include sufficient information, comparable to
that given in the proposal to the CNMMN. Publication
in a brief abstract in which only some of the data are
given should be avoided.

Authors of approved proposals should publish
descriptions of the minerals covered by these proposals
within two years of being notified of the approval
by the chairman or vice-chairman, If new-mineral
descriptions, discreditations, redefinitions or revalidations
are not published within that time, the proposals are
no longer considered as approved. Any extensions
of this deadline must be approved by the chairman or
vice-chairman, as appropriate.

Aoucnto Eprrons

Joumal editors will do a service to the earth science
community if they cooperate firlly with the CNMMN.
All aspects of the nomenclature in submitted manu-
scripts should be evaluated according to the guidelines
given here, and assurance should be sought from
auttrors that they have submitted all matters dealing
with mineral nomenclature to the CNMMN, and that
their proposals have been approved. Unless they have
definite proof of approval, editors should consult with
their national representatives on the CNMMN, or with
members of the CNMMN executive. Editors should be
particularly cautious about the final acceptance of a
paper bearing phrases like "has been submitted" or
"will be submiffed" to the CNMMN. Acceptance
of such papers should be delayed until evidence is
produced that the nomenclature has been approved by
theCNMMN.

In the case of new minerals, editors should insist
on evidence that a type specimen of the new mineral
has been lodged in at least one major museum or a

PROCEDIIRES AND GUIDELINES ON MINERAL NOMENCLATIIRE
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nationally recognized mineral collection. This infor-
mation should be included in the published paper.

It would be appreciated if all journals that publish
mineralogical papers include the following statement in
their instructions to authors: This journal follows the
rules of the Commission on New Minerals and
Mineral Names of the IMA in all matters concerning
mineral names and nomenclature.
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Note tlat a large numbo of additional changes in nomencldure bave been fornalized in IMA re,ports on pyroxenes
(Morimoto et al. 1989), amphibolar Q,ake et al. 1997), zeolites (Coombs et ay'. 1997) and micas @ieder er al. 198).


