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ANUNT

Societatea Mineralogici a Romantel, infiintatd cu
ocazla primului simpozion nafional de nuneralogie
(Cluj-Napoca, octombrie 1992), cu personalitate ju-
ridicd din luna martie 1993, a fost primita in rindurile
“membrilor Uniunii Mineralogice Europene (EMU) si
" Asociatiei Internationale de Mineralogie (IMA):

Pentru a realiza o legiturd directid si permanenti
mtre IMA, EMU st mineralogii romani, Rom J. Min-
eralogy devine si Buletinul Societitii Mincralogice a
Romaniei, editorul revistei raminind Institutul de Ge-
ologie si Geofizica.

Prin afilierea societd{il noastre la IMA si EMU,
toate recomandirile privind nomenclatura mineralo-
gicd devin obligatorii pentru cei care doresc si publi-
ce lucrari in Rom. J. Mineralogy. Incepem cu acest
numir publicarea acestor recomandiri prin reprodu-
cerea integrald a arlicolului "Solid Solutions i Min-
eral Nomenclature”, pentru care am primit acordul
autorului, Dr. E. H. Nickel. In partea a doua a
volumului 76 va fi reprodusi lucrarea " Procedures In-
volving the IMA Commission on New Minerals and
Mineral Names, and Guidelines on Mineral Nomencla-
ture”, autorii fiind E. M. Nickel 1 J. A. Mandarino
(vicepresedinte, respectiv pregedintele Comisiei de Mi-
nerale Noi g1 Denumiri de Minerale a IMA).

Ne exprimim si pe aceastd cale gratitudinea fata
de Prof. Dr. Stefan llafner, secretarul general al
IMA, Prof. Dr. G. Ferraris, presedintele EMU, pre-
cum si consilillor de conducere ale IMA si EMU pentru
intelegerea si sprijinul acordate Societa{ii Mineralogice
a Romaniei in vederea obtinerii, fira eforturi finan-
ciare, a calitdtii de membru al celor doud erganisme
mineralogice.

Dr. G.

Reprezentant national al
Romaniei la IMA

NOTICE

The

Mineralogical Society of Romania has been
founded on the occasion of the first national sym-
posium on Mineralogy, held in Cluj-Napoca (Octo-
ber 1992). Therealter (March 1993) the society has
achieved the legal status of a non-profit organization
and became member of the EMU and IMA.

In order to ensure a direct and permanent liaison
between IMA, EMU and the Romanian mineralogists,
the Rom. J. Mineralogy becomes also the Bulletin of
the Mineralogical Society of Romania. The main ed-
itor remains, however, the Institute of Geology and
Geophysics.

The application at IMA implies that all recommen-
dations concerning mineral nomenclature become coni-
pulsory for everybody wishing to publish papers in
Rom. J. Mineralogy. To facilitate this, we commence
now the publications of such recommendations with
the paper Solid Selutions in Mineral Nomenclature™,
for which the author’s (Dr. I. H. Nickel) permis-
sion has been achieved. In part two of the vol. 76
of Rom. J. Mimeralogy the paper "Procedures In-
volving the iIMA Commission on New Minerals and
Mineral Names, and Guidelines on Mineral Nomenela-
ture”, will also published; the authors are I, H. Nickel
and J. A. Mandarino, vice-president and president, re-
spectively, of the IMA Commission on New Minerals
and Mineral Names.

We wish to express here our gratitude to Prol. Ste-
fan Hafner, secretary of IMA aud to Prof. G. Ferraris,
president of EMU as well as to the IMA and EMU
councils for the assistance in obtaining the IMA and
EMU memberships, which in the next years shall be
free-of-charge for the Mineralogical Society of Roma-
nia.

Udubasa
IMA National Representative
for Romania

Gh. Ilinca

Seeretar ad-interim al
Societatii Mincralogice a
Romaniel

Secretary(ad-interim) of the
Mineralogical Society of
Romania
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SOLID SOLUTIONS IN MINERAL NOMENCLATURE

Ernest 1I. NICKEL
Vice-chairiman, Comunission on New Minerals and Mineral Names, International Mineralogical Association

Divisoin of Mineral Products, CSIRO, Private Bag, Wembley, WA 6014, Australia

Key words: Solid selution. Order-disorder. Nomenclature.

Abstract: The paper comprehensively covers the aspect of mineral nomenclature of
the members of solid-solution series, which include three categories, i.e. (1) complete
solid-solutions without structural ordering, (2) solid-solutions with structural ordering,
and (3) partial solid-solution series. As the matter has the approval of the CNMMN,
the mineralogists wishing to publish papers in this journal are advised to adhere to the
recommendations discussed below,

Introduction

Guidelines for mineral nomenclature recommended
by the Commission on New Minerals and Mineral
Names (CNMMN) +of the International Mineralogi-
cal Association were summarized by Nickel and Man-
darino (1987-1989) and published in most of the inter-
national mineralogical journals.

One aspect of mineral nomenclature that was not
covered in the guidelines was the question of how mem-
bers of solid-solution series should be named. This
matter was initially discussed by the Nomenclature
Subcommittee of the CNMMN, and the recommenda-
tions of that body were subsequently considered and
modified by the full CNMMN membership. These de-
liberations culminated in a general consensus that is
embodied in this paper. Although similar to brief rec-
ommendations have been published by thie Commision
on New Minerals and Minerals Names of the All-Union
Mineralogical Society of the USSR Academy of Sci-
ences (Zap. Vses. Min. Ob., 1977, 106, p. 686-688),
it is considered appropriate to publish this paper be-
cause it covers the subject more comprehensively and
because it has the approval of the CNMNIN.

Mineralogists wishing to give names to members of

known solid-solution series are advised to adhere to
the recommendations in this paper. However, to avoid
confusion, mineral names or definitions already in the
literature that contravene the recommendations should
not be changed unless there are compelling reasons to

do so, and then only il approved by a formal vote of

members of the CNMMN.
Although general guidelines are recommended, read-
ers will note that a certain degree of flexibility 1s per-

mitted in the case of partial solid-solution series. Pro-
posals for mineral names in this category will be judged
by members of the CNMMN on the merits of each par-
ticular case.

Solid solutions can be considered in terms of three
categories: complete solid solutions without structural
ordering, solid solutions with structural ordering, and
partial solid solutions. Mineral nomenclature in each
of these categories is discussed below.

1. Complete solid-solutions without structural
ordering

For purposes of nomenclature, a complete solid-
solution series without structural ordering of the ions
defining the end members is arbitrarily divided at
50 mole %, and the two portions are given different
names, with each name applying to the compositional
range from the end member to the 50 % mark. For
the sake of brevity this will be called the *50 % rule’.
[n Pigure 1, one name applies to the range A-c, and
the other to the range ¢-B. A mineralogical example
of this is the forsterite-fayalite series, (Mg,Fe)»SiQ4, in
which the name forsterite applies to Lthe compositional
range from MgaSi04 to MgleSiOy4, and the name fay-
alite applies from FeaSi0y4 to MgFeSiO,.

c
L : 1 ]

A _ B

Fig. 1 - Diagrammatic representation of a complete
binary solicd-solution sevies. A and B represent the two
end members, and ¢ represents the mid-point (50 %).
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Analogously, the 50 % rule applied to members
of ternary solid-solution series implies that mineral
names should be given only to the three end mem-
bers, each name should apply to the compositional
range from the end member to the nearest right bi-
sectors of the sides of the composition triangle, as
shown in Figure 2. For example, in the apatile series,
Cas (PO, )s(1,011,Cl), the apices of the compositional
triangle (Fig. 2) can be represented by I, OIl and CI,
respectively, making A = fluorapatite, B = hydroxyla-
patite, and " = chlorapatite.

Fig.
ternary solid-solution series.
the three compositional fields, each of which merits a
mineral name.

2 - Diagrammatic representation of a complete

A, B and ¢

represent

multi-
mineral

According Lo the same principle, in a
component solid-solution series  diflerent
names can be given to isostructural or isolypic phases
that have different chemical elements dominant in
specified structural sites. An example of this is pro
vided by minerals of the monazite series in which «
number of different rare-carth elements can predonn
nate in the cation structural site. The dominant ele-
ment then specifies the appropriate " Levinson” sullix,
e.g. monazite-(La).

2. Solid-solutions with structural ovrdering

If there is structural ordering of the ions that de-
fine the end members within an otherwise disordered
solid-solution series, the ordered phase may be given a
mineral name dillerent from those of the end members.
An example is provided by dolomite, CaMg(CO4),, in

/W

E. H. NICKEL

which ordering of the Ca and Mg ions results in a crys-
tal structure distinct from those of calcite and mag-
nesite, the Ca and Mg end-members, respectively, of
the (Ca, Mg)COj; series. It is recommended that the
name of a newly-described ordered phase discovered
i an existing solid-solution series be derived from, or
related to, the name of the solid solution or one of the
end members, although the wuthor of the name is not
obligated to do so.

3. Partial solid-solution series

If there is limited solid solution at one or more of the
end members, and the solid solution does not extend
to the 50 % mark, the 50 % rule is generally applied.
Therciore, in Figure 3, the naimme of end-member A ap-
plies to the compositional range A-e and the name of

‘end-member B applies to the range ¢-B, even il known

compositions extend only to A’ or BY; this is to allow
for the possibility of new chemical data extending com-
positions toward ¢. LFor purposes ol nomenclature, it
does not matter whether or not A and B are isostruc-
tural.

[+
1 i ]
A A B B

Fig. 3 = Diagranunabic representalion of a partial bi-
naey solid-solution series in which A'-B' represents the
miscibility gap.

Il the miscibility gap is one side of the 50 % mark, as
in Pigure 4, and if the phases represented by A~A’ and
B-13" are not isostructural, a separate name should not
be given for the range B'c if it is very small, but if it is
of substantial extent, then a separate name might be
Justified.  The dividing line between a "small” range
and a "substantial™ one, in this case and others given
below, can be taken as about 10 mole %, although each
situation should be regarded on its own merits.

c
L i 1 |

A A B

-
B

Fig, <
nary solid-solution series in which A'-B' vepresents the
tiiscibility gap, and the range B-B' encompasses the
micl-point, ¢.

- Diagrammaltic representation of a partial bi-

Similar considerations should apply to ternary or
higher-order partial solid-solution series. Therefore,
in a situation like that depicted in Figure 5, the field
defined by composition FGED does not warrant a sep-
arate name if it is very small, but may be glven a
separate name if it is of substantial size.

Institutul Geologic al Romaniei



SOLID SOLUTIONS IN MINERAL NOMENCLATURE 5

Fig.

5 — Diagrammaltic representation of a partial
ternary solid-solution series in which the area HIKJI
represents the miscibility gap, and D represents the
mid-peint of the triangle.

If the known composilions embrace the 50 % mark,
but do not appear to extend to either end member
(Fig. 6), only one name should apply to the composi-
tional range. However, here again, the compositional
range should be taken into account; if it is very small,
then only one name should be given, but il it is large,
consideration may be given to two names. An example
of a mineral in this category is pentlandite, (Ni,Fe)qSs,
the composition of which centres around Ni:Fe = 1:1,
and compositions near the Ni and Fe end-members are
not known.

L { ] T ]
A A’ B’ B

Fig. 6 - Diagrammatic representation of a partial binary solid-
solution series in which the solid solution is limited to the
region A'-B'.

The analogous situation in a ternary solid solu-
tion can be represented by Figure 7, in which known
compositions cluster aboul a geometric boundary or
boundaries. If the scatter of compositional points is

small, only one name should be given to the cluster,’

but if the scatter is large, consideration can be given

Fig. 7 - Diagrammatic representation of ternary solid
solution series in which known compositions cluster
about geometric boundaries,

to more than one name.

In cases such as those illustrated by Figures 6 and 7,
one particular composition of a type specimen should
be nominated as the type, because later work might
well reveal a wider range of compusitions justifying
two (or more) names. One of these should be the name
already in existence.
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PTX CONSTRAINTS OF ORE PARAGENESES WITH SOME CASE
STUDIES

Gheorghe UDUBASA
Institutul de Geologie i Geofizicid. Str. Caransebes 1, 78 344 Bucuresti 32.

Key words: Paragenesis Mineral assemblages. P-T conditions. Solid solution. Iso-
topes. Sulfur. Oxides. South Carpathians - Leaota Mountains.

Abstract: A hierarchy is proposed concerning the three "mineral units” already sepa-
rated, i.e. mineral association (MAT), mineral paragenesis (MP) and mineral assemblage

(MAG). In addition, the inherited paragenesis, the remote parageneses and apparent par-
ageneses are defined, for which examples are given to support the classification proposed.
Thus, case studies of the Co-Ni-Bi-Ag-U ores in the Leaota Mts and of the Fe-Ti oxide
minerals in rocks and ores are presented as well as some comments on the relationships
between parageneses and solid solution series and paramorphs or pseudomorphs.

1. General Remarks

The concept of mineral parageneses (MP) has been
for many years matter of interesting discussions with
different, partly controversial views (see Rasler et al.,
1968; Craig et al., 1986; Commission on Paragenesis at
the 8'* TAGOD Symposium, Ottawa, 1990). ITowever,
a generally accepted definition of the term still does
not exist and thus further discussion on the topic seems
to be necessary. :

It is likely that the best way of defining the MP is to
combine all the available data, experimental included,
concerning the mineral species found together in-arock
or ore sample or in a geological body. Sublle properties
of the minerals such as their stable isotope composi-
tions must be taken into consideration in order to test
if all kinds of the equilibrium were attained.

A geological body, of rocks or ores, rarely appears as
a result of a single or unique geological process. The
minerals evolve in time and their changes are related
to changes of the environment parameters. Generally
speaking, as long as the PTX changes do not over-
step the stability fields of the minerals, the coexisting
minerals continue to form a MP, i.e. an association of
minerals being under equilibrium conditions. If either
of the minerals or some main properties of the min-
erals involved change, then it is appropriate to speak
of "inherited parageneses”. Parageneses [ormed under
conditions of a metastability state, which 1s a form of
equilibrium (Scott, 1974), are also included here.

The coexisting minerals can be formally identified

by direct observations. Ilowever, for establishing if

they really form a paragenesis, stability diagrams must
be used in order to depict the PTX conditions and
special analyses are needed, such as minor elements
analyses, isotope analyses ete, in order to test if the
equilibrium was attained.

Thus it 1s possible to trace the equilibrium trends in
a geological body and also to identify the "remote par-
ageneses” , 1.e. minerals formed at the same time but in
different parts of the geological body by natural, con-
tinuous changes of the environment parametres. The
term "remote parageneses” can eventually be extended
over parageneses directly related to a genetical point
of view, e.g. the copper and iron minerals in the cop-
per porphyries such as chalcopyrite + pyrite 4+ mag-
netite + bornite in the proper mineralized porphyries
and enargite + luzonite 4 chalcocite in veins around
them, which almost always form in direct relation to
the porphyry copper systems.

The mcreasing state of knowledge decisively enlarges
the possibility to discover new minerals and conse-
quently new parageneses. In this respect it is per-
haps not superfluous to speak of “apparent parage-
neses”, when for example minerals of special compo-
sition are (mis)taken for common minerals. It is the
cagse of the recently described chlorine-bearing PhSh
sulfosalts (ardaite, dadsonite etc), the properties of
which are similar to those of semseyite, boulangerite
elc.  Generally, m the solid solution or homologous
series only small changes of one parameter may in-
duce compositional and structural changes defining
new minerals and thus new parageneses. Subtle varia-
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tions of the sulfur fugacity produce transformation of
jamesonite in robinsonite; the presence of water stabi-
lizes the whole plagionite series towards high tempera-
ture (Moélo, 1979, 1982). That is why the parageneses
.of the sulfosalts are so vartable and are found together
without any (apparent) special reason.

Stabilizing effects of the minor elements play also.

an important role in the formation of the manganese-
bearing humites whose structure and composition are
very closely related. Fluorine and zine stabilize the
leucophoenicite structure whereas zinc alone is a typi-
“cal and compulsory element for sonolite (Dunn, 1985).
Mixed layering structures such as those frequently en-
countered by the clay minerals and those more rarely
found, e.g. at the leucophoenicite-jerrygibbsite (Yau
and Peacor, 1986) show that either the minerals have
very narrow stability fields or the changing parame-
ters were not able to completely instabilize the older
mineral(s)..

From such cases the problem arose if a hierarchy
may be made regarding the modes of coexistence of
minerals. According to the older proposals of the au-
thor (Udubasga, 1986, 1990) there may be separated
the followinhg units:

(1) Mineral association (MAT), including all the

minerals that exist in a geological body, regardless of
their age and equilibriuim state. The “apparent para-

weneses” certainly belong here.
- | MAT
(10;) MP,
of!
MP
Y '.\"3>
?- ‘h
<
— ' P
P(fS,)

['“I.‘u‘. 1 Sehenudical Prrpresentation of mineral s l‘l"l‘ﬂ 1on
(MAT), mineral paragenesis (NH') and mineral assemblage
(MAG) in a theoretical T1? or [O2 /1S space.

(2) Mineral paragenesis (MP), consisting of nnnerals
formed under equilibrium conditions or completely re-
equilibrated m time by continuous changes of the PI'X
parameters; that is, the minerals remain within their
stability fields and/or metastable extensions.  Sub-
units: inherited paragenesis, remote parageneses. A

G. UDUBASA

still unsolved problem is that of the polytypes, which
may be treated either as mineral species or as mixed
layer structures (e.g. the pyrrhotite group).

(3} Mineral assemblage (MAG), including miner-
als having direct boundaries or can be seen together
in a thin or polished section. The incompletely re-
equilibrated parageneses belong here.

Although the MAT, MP and MAG seem to be well-
defined terms, it is quite clear that the limits between
them must be regarded as being mobile, a fact pri-
marily related to the state of knowledge. The inher-
ited parageneses actually form a ”bridge” between MP
and MAG as the relict minerals do not always exhibit
changes which can easily be depicted by usual meth-
ods. The relationships among the three units sepa-
rated are schematically represented in Figure 1.

2. Some case studies

2.1. The Co-Ni-Ag-Bi-U association in the Leaota
Mls _

The erystalline massif of Leaota lies in the south-
castern part of the South Carpathians in Romania
and consists of medinm grade metamorphies of Up-
per Precambrian age belonging to the so-called Leaota

Group. There are numerous ore occurrences irregu--

Jarly distributed over the area. The ores form either
stratabound lense-shaped bodies or veins of limited
size. Their composition is extremely different. The
main occurrences belong to the Schneiderhéhn’s Co-
Ni-Bi-Ag-U association, However, there also exist oc-
currences consisting of Fe-Cu sulfides, Pb-Zn sulfides
and of Au with galena and some Bi. Controversial
views are held as to the origin of the Leaota ores. Some
people advocate the syngenetic character (Gurau et
al., 1983, unpubl. data; Zincenco, 1985, unpubl. data)
having in mind the stratabound development of some
ore bodies. Opinions were also expressed favouring
the epigenetic nature of all ores (Vlad, Dinica, 1984).
[lowever, convincing arguments supporting both opin-
ions are lacking due to the fact that the main oceur-
rences show mixed features.

Careful analysis of the mineral composition of the
ore occurrences first led to a grouping of ores includ-
ing ten types. Minor elements analyses and especially
the sullur isotope analyses showed that the typology
of ores and ore bodies is much simpler and the number
of the ore types has been reduced to five. Their main
characteristics are given in Table 1. Although similar
in some instances and often associated in space, the
five occurrence types finally separated have distinctive
features that do not allow acceptance of a single min-
eralizing process. -

Depending on their supposed age, Lhe ore types are
the following:
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PTX CONSTRAINTS OI' ORE PARAGENESES

Table 1
The Main Characteristics of the Leaota Ore Occurrences
Ore type Mineral parageneses Assnonmetallic  Typical minor Host
minerals elements rocks
GBR (veins; pyrite, sphalerite®, quartz Bi V. L**
arg. alter.) galena, chalcopyrite, calcite Ag
marcasite, (gold, ankerite
pyrrhotite, wittichenite)
U (fracture uraninite, (pyrite, carb.
veins) marcasite) matter L,C
ND (discor- safllorite, tetrahedrite, calcite Au I
dant lenses chalcopyrite, sphalerite™, ankerite
in TT ores) galena, pyrile
TT (fahlbands  pyrrhotite, pyrite, chalco- calcite Bi L, C
on mylonite pyrite, rutile, sphalerite”,
planes) bismuth, bismuthinite,
) molybdenite
GP (shear-zone  pyrite, galena, gold, rutile, quartz Bi V-L, C
related quartz sphalerite®, (chalcopyrite) (calcite) Ag
bodies)
Syngenetic pyrite — isolated grains quartz Ni V,L, C
metallic or small lenses Co
minerals magnetite - porphyro- L
blasts
hematite-ilmenite sol sol o AR
-scattered grains

* Iron poor; In brackets — accessory or minor minerals.

TEe

Acc. to Gheuca and Dinicd (1984, wnpubl. data), the Leaota Group consists of three

formations with different lithologies: Voinegti (V) Fm (gneisses dominated; amphibo-

lites); Leresti (L) i (partly retrogressed micaschists with albite and magnetite porphy-

rablasts; gneisses); Cilusu (C) FF'm (ditto, more intensely retrogressed; greenschists with

hematite-ilmenite). At the boundary between the Voinesti and Leresti formations there

exist granite bodies intruded on a shear plane of Hercynian age (Tatu, SibZu, 1987).

(1) GP-type (Ghimbav-Paltinet).
lated quartz bodies with gold and sulfides forming
nests and/or scattered grains. The ratio quartz (+4cal-
cite) : sulfides (4gold) is about 9:1. Alterations lack.

(2) TT-type (Tincava-Tibra). Tron and copper sul-
fides located in retrogressed rocks, reminiscent ol the
Skandinavian fahlbands. They appear in relation Lo
shear planes containing black mylonites.  The ore
minerals are always enveloped in carbonate minerals,
mostly caleite. Typical of these ores s their localiza-
tion at different lithostratigraphic levels and the lack
of alterations. A narrow range ol sulfur isotope compo-
sition (average 631S of about —23 %) is also very typ-
ical. Worth mentioning is the presence of pyrite bands
below and above the fahlbands-like lenses with a sul-
fur isotope composition distinet of the falilbands. The
pyrite bands are situated outside the mylonite planes
but in their zone of influence.

Shear-zone re-

(3) ND-type (Negulet-Danig). Veins or lenses cut-
Ling across the T"I-type lenses, with which they always
are spatially associated, a feature strongly suggesting
again the resemblance with the fahlbands. The min-

‘eral composition is very complex. The most frequent

assemblage consists of safllorite (an iron-rich interme-
diate member of the safllorite-lollingite solid solution
series, sometimes with safllorite nuclei), chalcopyrite
and tetrahedrite (with a Sh:As ratio of about 3:1). The
alterations are slight or even lacking. :

(4) U-type (many occurrences). Fracture fillings,
sometimes spatially associated with the fahlbands.
The uraninite fine grains are embedded in a partly
anisotropized carbonaceous matter reminiscent of thu-
colite. The U-ores are probably the youngest among
the Leaota mineralizations (may he of Alpine age).
T'he rvelationships with the fahlbands are shown in Fig-
ure 2.
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FFig. 2 — Relationships between the fallband-like ares
(T'T-Tibra-Tincava) + ND (Negulet-Déanig) and the late
(Alpine?)  wranium mineralization (U — pitchblende-

thucholite) in the Leaota Mts. Country rocks are (a) mi-
? caschists and paragneisses with (b) sheared counter parts.
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have quite different sullur isotope compositions (Fig.
3). Formally, mineral associations exhibiting a range
of the §34S values of about 40 %y are unlikely to have
formed as a result of an unique mineralizing process.
Such ores represent merely products of superposed pro-
cesses and therefore contain overlapping mineral par-
ageneses. The sulfur isotope composition of the TT-
type ores is very striking, with a variation range from
33 %o to =19 %g. A further interval from —15 %y to

10 % corresponds to the values obtained for the
pyrite forming bands or disseminations in quartz- or
chlorite-rich rocks ihich accompany the fahlbands.
The other ore types exhibit rather different isotope ra-
tios, as a rule with positive values of the 6**S (Fig.3).

On the S, /10y diagram the main ore types occupy
different fields suggesting again that the ores have
formed under various conditions (Fig. 4). Scarcely
occurring syngenelic pyrite grains or small lenses iso-
topically differ from the pyrite of the TT-type. On
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