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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:

4 \l Institutul Geologic al Romaniei
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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.

<>

d 345%0

G. UDUBASA

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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Fig, 3

Tincava, GP-Chimbav-Paltiney, GBR-Grui-Brusture-llogu, syn.syngenetic pyrite) as com-
pared with the regionally metamorphosed ores in the Rast Carpathians (B-Bilan, in chlorite-
rich rocks/chl; VB-Blazna Valley and F-Figiirag Mts in carbonate-rich sequences).
Abbreviations: py, pyrite; po, pyrrhotite; ep, chalcopyrite; sl, sphalerite; gn, galena.

(5) GBR-type (Grui-Brusture-Rosu). Veins of lim-
ited development inlayed in rock sequences belonging
to all the three formations of the Leaota Group. Sig-
nificant alteration, especially argillic, occurs along the
fracture veins. Nearby small pockets or lenses with
massive [luorite or amethyst crystals may be found.

Beside the differences in the mineral composition
and in the relationships to the host rocks, the ore types

the diagram such pyrites are situated at rather high
fOs, suggested by the presence of the ilmenite-
lematite solid solution in the host rocks. The iso-
topic difference between the syngenetic pyrite and the
fahlbands-related one is too large, thus excluding a
colninon origin.

Therefore it can be concluded that the Leaota ore
types have formed under dillerent conditions and at

('\\ Institutul Geologic al Romaniei
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different moments of the Phanerozoic evolution of the
metamorphic rock pile,

Fig. 4 - Position of dilTferent ore types in the Leaota Mts
on the fS2 /fO2 diagram of iron and titanium minerals (see
Udubasa, 1982 for details concerning the two superposed
diagrams). See Fig. 3 for abbreviated ore types.
Abbreviations: an, anatase; hem, hematite; ilm, ilmenite;
mgt, magnetite; po, pyrrhotite; py, pyrite; ru, rutile; sid,
siderite; tit, titanite.

Emplacement of some granite bodies on a general-
ized shear plane during llercynian time is likely syn-
chronous with the first phase ore accumulation (GP-
type). The shear planes have been partly healed by
quartz, thus preventing further motion. The second
event is represented by [ahlbands generation on lo-
cally developed shear planes with carbonates as resid-
ual products of shearing. Repeated movements on such
planes led to abundant mylonite formation and the de-
velopment of the Co-Ni-Cu ore veins, typically inlayed
on the TT-type sullide lenses (Pig. 2). Later thrusting
resulted in the filling with U-ores of fractures of Alpine
age or of Alpine reactivated shear planes. Their com-
position is restrictive and the abundance of carbona-
ceous matter poses the problem of its provenance from
the overthrust sedimentary rocks of Cretaceous age.

Concluding, it can be said that the Leaota ore occur-
rences contain-overlapping mineral parageneses with
rather different compositions formed during a rela-
tively long time interval. As most of the ore miner-
als shows isotopic disequilibrium, due to the repeated-
tectonic movements, the isotopic geothermometer can-
not be applied and thus the formation temperatures
are only indirectly deduced. For the TT-type ores it
may be assumed that the (re)equilibration tempera-
ture did not reach 271° C, which is the melting point

11

of bismuth. The absence of the reaction chalcopyrite
+ pyrrhotite = pyrite + high cubanite taking place
at 334° C (Yund and Kullerud, 1966) represents a
further limitation towards higher temperatures. Such
data severely contradict the temperature estimate of
the peak metamorphism of the host rocks, for which
the presence of grains of hematite-ilmenite solid so-
lution indicate temperatures in excess of 600° C. For
the ND-type (Co-Ni-Cu veins) temperatures of about
400° C may be deduced from the composition of the
salllorite-16llingite solid solution. The contrasting con-
ditions of the main ore types, crudely corresponding
to mineral parageneses, are given in Table 2.

The overlapping mineral parageneses in the area

"studied nicely explain the lack of any regional zoning

of ore occurrences, which is due to the non-uniform
behaviour of the host rocks during sequential shearing
and/or [racture opening.

Table 2

listimation of formation conditions of the ore types

Ore type S A4 O T, e Pco,
BGR high = low medium  high

U low high low =

ND low high  low medium  high
TT medium -~ medium  low medium
GP medium - medium  medium  low
SyNg.py v. low low high medium  high

2.2 Parageneses of Fe-Tr oxide minerals

The analysis of the Fe-T1 oxide minerals distribution
in various tvpes of rock and ores allowed an empiri-
cal diagram to be drawn, which has been superposed
on the known diagram of the iron minerals (Udubasa,
1982). On this combined diagram (Fig. 5) some spe-
cific fields are traced for (a) thermic contacts of in-
trusive rocks with black shales, (b) porphyry copper
systems and (c) epithermal gold-quartz veins. The ty-
pomorph significance is high, which is an important
property of a paragenesis. Besides the main minerals
shown in Table 3 there also appear other minerals such
as chalcopyrite in (a), bornite in (b) and gold in (c)
which, however, may lack. Such parageneses include
only Fe-Ti oxides and iron sulflides and they would be
better designated as partial parageneses (Teilparage-
nesen).

The accessory oxide minerals in magmatic rock have
been comprehensively treated by Ilaggerty (1{(76).
In addition, some supplementary data were obtained
as concerns the behaviour of magnetite and ilmenite
in the lava flows and the non-erupted rock bodies
(Udubaga, 1984). The difference consists in abundant
development of maghemite and for titanomaghemite at
the expense of primary magnetites in the lava flows and
ol titanite at the expense of ilmenite in the non-erupted
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rocks. Two inherited parageneses, i.e. magnetite +
maghemite and magnetite 4 ilmenite 4 tit&nite, have
been thus depicted bearing a high typomorph signifi-
cance. They may be of help in the study of complex
volcanic and volcano-plutonic structures.

f0; —

Fig. 5 — Stability field of titanium minerals parageneses
from contact metamorphic rocks (a), porphyry coppers,
(b) and epithermal gold ores, (c).

Abbreviations: see Figure 4; "Ix" means "leucoxene”.

Table 3
Some parageneses of the Fe-Ti oxide minerals

Magmatic rocks
— lava flows
- non-erupted rocks

magnetite, maghemite
magnetite, ilmenite,
litanite -
Fostmagmalic formations®

- thermic contacts pyrrhotite, rutile,
chalcopyrite®™®
magnetite, hemaltite,
titanite, rutile,
pyrite, chalcopyrite
pyrite, rutile

- porphyry coppers

— gold-quartz veins

*  See diagram in the Figure 5

% The whole paragenesis (po, ru, ¢p) occurs only in the
contacting' intrusive bodies, giving sometimes suggestions of a
pervasive mineralization. In the hornfelsized black shale there
are also pseudomorphs of pyrrhotite after framboidal pyrite, the
coexisting minerals - po, ru, py - forming an "inherited parage-

nesis” .

7\
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3. Discussion

The meaning of mineral paragenesis as used here is
basically according to the final statement of the Brei-
thaupt Colloquium 1966 (Rosler et al., 1968). The use
of minor elements and of stable isotopes is really an
important way in deciding if the associated minerals
in a given geological body form a paragenesis or not.
Attaining or destroying the isotopic equilibrium is a
main feature of a true paragenesis and of an inherited
paragenesis, respectively. The second term seems to
be necessary as in some cases the mineral species re-
main the same but the isotopic composition changes
significantly. Such examples are discussed by Udubaga
(1986); some hydrothermal base metal ore veins in
Romania are locally affected by directional faulting.
The sulfur isotope compositions of the affected and
not affected sulflides show significant differences. The
primary sulfide paragenesis of the hydrothermal veins
(pyrite, galena, sphalerite, chalcopyrite) is accompa-
nied by a new paragenesis consisting of the same sul-
fides but with different sulfur isotope ratios; in addi-
tion, the sphalerite becomes iron-poorer.

The term "reiote parageneses” may be of impor-
tance in defining the simultaneously formed minerals
in different parts of a geological body, say a vein, as
a result of a monoascendent deposition. Interesting
is the case of the paragenesis enargite + luzonite +
chalcocite that practically appeéars only in the close
vicinity of the porphyry copper systems and geneti-
cally directly connected with them. Such relationships
may have also practical importance in discovering the
blind porphyry systems.

Parageneses including solid solutions or homologous
series are also a provoking matter of discussion, as their
intermediate members develop by only very subfle
changes of the environment parameters. Such changes
escape the routine observations. If a slight doubt arises
as to the correct identification of the minerals, then it
would be better to use the term "apparent paragene-
sis” .

The paramorphs and the pseudomorphs in relation
to the associated minerals express the PTX controls
outside and inside the composition fields of the min-
erals, respectively. Preserving the crystal morphol-
ogy of the primary minerals, the paramorphs and
pseudomorphs pose again the use of the term inher-
ited parageneses, typically showing small composi-
tional changes. In this respect, the regionally meta-
morphosed iron sulfide ores from the Cerna Valley in
the South Carpathians offer a good example. Pseudo-
morphs of pyrrhotite after pyrite porphyroblasts, ini-
tially embedded in a matrix of fine grained pyrrhotite,
have been interpreted as being produced by thermic
effect related to granitoids. Two overlapping parage-
neses (two pyrrhotites with the corresponding pyrites)
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form here an apparently simple ore but with a complex
evolution.

Paramorphs of rutile afler brookite have been de-
seribed by Balintoni and Chitimug (1973) in the Lower
Cambrian Tulghes Group in the Eastern Carpathians,
Romania. The depicted parageneses including the two
polymorphs of TiO» helped to confirm the polymeta-
morphic evolution of the metamorphic rocks.

The proposed hierarchy including mineral associa-
tion (MAT), mineral paragenesis (MP) and mineral as-
semblage (MAG) (Udubaga, 1986, 1990) was intended
to delineate coexisting minerals with different relation-
ships among them, regarding the state of equilibrium,
age relations, overlapping parageneses, inherited par-
ageneses, polyascendent ore deposition ete. This pro-
posal must be considered as matter of discussion in or-
der to find out outstanding definitions of the term(s) -
MAT, MP, MAG (if generally accepted). Such terms
may be of help in studying the rocks and ores different
genesis and evolution. '
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MINERALOGY OF THE Fe-Mn ORE DEPOSIT AT RAZOARE, PRELUCA
MTS. I. TEPHROITE AND MANGANESE-BEARING HUMITES

Paulina HARTOPANU, Gheorghe UDUBASA, Constanta UDRESCU, Corina CRISTEA
Institutul de Geologie si Geofizicd. Str. Caransebes 1, T8 344 Bucuregti 32.

Erna CALINESCU
"PROSPECTIUNI" S.A. Str. Caransebeg 1, 78344 Bucuresti 32.

Key words: Nesosilicates. Olivine. Tephroite. Sonolite. Leucophoenicite. Al-
leghanyite. Retrograde metamorphism. Polymetamorphism. Mineral data. X-ray data.

Infrared spectra. Preluca Mountains.

Abstract: Among the six mineral assemblages of the Rizoare I'e-Mn deposit, the
tephroite + manganese-bearing humites one is the most typical, occurring in the lower,
carbonate rich part of the ore-bearing sequence, which is silica-undersaturated. Sono-
lite, leucophoenicite and probably alleghanyite and ribbeite are intimately intergrown
with tephroite giving as a rule mixed X-ray spacings. The most conspicuous feature of
the manganese-bearing humites from Rézoare is their boron content reaching 2500 ppm.
The assemblage tephroite + manganese-bearing humites reveals a lower grade, retromor-
phic phase in the evolution of the Precambrian ore-bearing metamorphic sequence. Iis
polymetamorplic character is suggested by the higher grade assemblage consisting of

manganoan layalite + orthopyroxene + calderitic spessartine.

Introduction

The manganese-iron deposit at Razoare, Preluca
Mts, Romania, is a stratiform concentration of iron-
manganese minerals showing evidence of regional
metamorphism under conditions of the upper aniphi-
bolite facies (Udubasa et al., in press, 1993). The
ores contain about 60 mineral species among which the
recently identified manganese-bearing humites consti-
tute characteristic phases of the deposit. The com-
plex mineralogical composition of the ore suggests a
polyphase metamorphic evolution; besides manganoan
fayalite and ortopyroxene, many generations of pyrox-
mangite and dannemorite have formed as well as dif-
ferent types of magnetite. At least six mineral assem-
blages (some of them being typical parageneses) have
been recognized at Rizoare; they differ in their posi-
tion in the lithostratigraphical column of the ore se-
quence, in their belonging to the different metamor-
phic events and consequently in their composition.
The leading minerals of the six assemblages are (1)
manganoan fayalite, (2) tephroite-manganese-bearing
humites; (3) pyroxmangite; (1) dannemorite; (5) spes-
sartine and (6) rhodochrosite.

Mode of Presentation

The assemblage thepliroite-manganese-bearing hu-
mites (further on MBIL) forms bands or lenses up to
1.5 m thick especially within the lower, carbonate-rich
part of the ore sequence (I'ig. 1)

The most striking feature of this assemblage is its
restrictive chemical and mineralogical compositions.
The iron content is negligible as compared to the other
assemblages. In addition, the tephroite and the MBH
do not occur within the other assemblages and no
fayalite, pyroxmangite, garnel or dannemorite have
been observed within the tephroite-MBH assemblage.
Coarse to medium aggregates of tephroite + MBH
of reddish, reddish-brown to pinkish colour typically
contain disseminations of black, subhedral or euhedral
jacobsite grains reaching 2-5 mm in size. Generally,
the leading minerals of the assemblage are the MBH.
However, the jacobsite locally becomes the dominant
species reaching up to 90 volume percent of the min-
eral aggregates. Apatite and/or carbonate fluorapatite
are intunately intergrown with silicates and with the
host rhodochrosite.

Commonly, the aggregates are massive with no bed-
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ding which is typically developed in the other assem-
blages. Slight bedding may be sometimes observed
only under the microscope as being due to grain flat-
tening and /or iwin planes orientation on metamorphic
S - planes.
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Fig. 1 - The lithostratigraphic column of the Rizoare
“ormation (thickness up to 60-70 m) showing the
lower, carbonate rich part, silica subsaturated and the
upper, amphibole-rich part, silica saturated (partly).
1, paragneisses and micaschists; 2, quartzites; 3,
rhodochrosite matrix with jacobsite dissemination,
lacking at the footwall (3a); 4, manganoan layalite-rich
lenses and pods; 5, tephroite + manganese-bearing hu-
mites: 6, dannemorite; 7, magnetite and for pyrrhotite
bands.

The abundance of the MBH at Razoare is some-
what uncommon as in other regionally metamor-
phosed manganese deposits they occur only as acces-
sory constituents. In Romania, Bilan (1976) has de-
scribed only few microscopic grains of sonolite and

alleghanyite in the lacobeni manganese deposit, East

Carpathians,

Physical and Optical Properties

The grain size of the tephroite and MBII varies be-
tween 0.1 and 1.0 em. The grains are generally iso-
metric, sometimes slightly flattened or have a lamellar

P. HARTOPANU et al.

development. The colour is highly variable from grey-
lilac (typical of tephroite dominated aggregates) to red,
reddish-orange, brownish red, rose or pink (the MBI
aggregates). The grains are brittle and show a glassy
luster and uneven fracture.

Microscopically, the minerals are quite similar, oc-
curring as colourless grains of diflferent dimensions,
sometimes exhibiting a slight developed cleavage. The
birefringence is high with bright colours but with-
out specific teints. The 2 V angle is always nega-
tive with values of 70-72° for the MBH and of 50-60°
for tephroite. Polysyuthetic twins may be always ob-
served at MBI (Pl [, Figs. 1-1), sometimes with a
syminetrical development. The tephroite grains are in
placesmantled by MBII, a feature observed also under
the binocular microscope. Twinned "islands™ of MBH
occur also within the larger tephroite grains. Inter-
growths of tephroite with carbonate fluorapatite are
I. Iig. 5). Some MBH
samples gelatinize when treated with IICl, a feature
known as characteristic of leucophoenicite (Winchell,
Winchell, 1951).

Due to the advanced intergrowth state the MBH
may commonly be identified only as mineral group and
at first sight they may be mistaken for pyroxmangite.
This is probably why the MBI have not been identi-
fied at Razoarc till now.

frequently encountered (PPl

Apge Relations

The tephroite seems to be the oldest mineral of the
assemblage whereas the jacobsile 1s younger, tending
Lo cement the silicate grains. The jacobsite forms also
anhedral grains interrupting the MBI twins (Pl 1,
Figs. 6, 7). Similar relationships to silicates show the
phosphates (apatite and carhonate fluorapatite).

The associated carbonate is a rhodochrosite with low
to very low contents of Fe, Mg and Ca (Tab. 1). It ap-
pears intergrown with silicates, sometimes substituting
them; veining of silicates by a younger rhodochrosite
generations has been observed too.

Table 1
Partial analyses of carbonates hosting
the tephroite-MBH assemblage (%)

MnO | FeO | CaO | MgO
1| 52.18 o= 4.87 1.56
2 | 54.82 = 2.41 0.70
3 | 53.15 = 2.34 1.80

The tephroite shows slight alterations to secondary

manganese minerals such as bementite, pennantite and

neotokite whereas the humites do not.
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Table 2

Wet chemical analyses of tephroite (1), sonolite (2-3) and leucophoenicite (4-5) from Rizoare

1 1* 2 o 3 4 4* ) B
Si0- 25.97  16.10 23.15 23.15 23.06 22,41 2241 2233 22.33
TiOs 0.13 0.13 - - - = = =
Al2 O3 0.60 0.60 = s —~ = - =
Fes O - - 0.05 N N 0.83 - 140 =
FeQ — - 0.61  0.61 = = - = =
MnO 62.20  36.98 62.80 62.87 64.98 59.92  59.55 62.80 62.27
MgO 1.19 1.19 1.08  1.08 1.21 2.37 237 1.711 1.71
CaO 0.09 0.03 1.07 0.78 0.86 1.74 1.19 0.78 0.78
P00 0.09 - 0.44 2 i 0.84 - 0.04 =
K,0O 0.01 0.01 005 0.05 - 0.06 0.06 005 0.05
Na,O 0.08 0.08 003  0.03 0.04 0.04 0.04 0.04  0.04
H.0 0.75 = — LBIF® gopteE gon 2.23  2.58- 2.32%
Number of ions on the basis of 4 O (1); 18 (O,0H)(2-3) and 14 (O,H)(4-5)
Z site
Sitt 0.9660 3.8369 3.7726 2.9163 2.8787
APt 0.0424 = z & =
1.0084 3.8369 3.7726 2.9163 2.8787
Y site
i 0.0059 = = =
fe2t - 0.0845 - = =
Mn?t 1.8793 8.8258 9.0042 6.5339 6.7995
Mg?* 0.1064 0.2668  0.2951 0.4597 0.3286
Ca*t 0.0019 0.1385 0.1507 0.1659 0.1077
Kt 0.0008 0.0106 = 0.0100 0.0082
Nat 0.0093 0.0096 0.0127 0.0101 0.0100
2.0036 9.3358 94627 71796 7.2540
on- = 2.0000 2.0000 1.9358 2.0000
Me?™:Sj 1.99 2.42 2.50 2.45 2.52

T Recalculated analyses by eliminating P20s as Caz (PO4)2(01) and Fex O3 as MnFes Oy.

+E - Caleulated Ha 0O
2T Caleulated value: 1.83
Claleculated formulae:
1% (Mny saMgo 11 Cap ooz )2.01a(Siooc Alo.od )Oy

2% (Mngs salegosMgo2rCag 14 )a.22(Si0.96 04 )2 (OH )2

3¢ (Mng ooMgo 24 Cag 15 )g 46(Sio 95Oy )2(01)2

4% (Mng zaMgo 46 Cao 17)7.18 (8007 O )3 (OH )1 94 -

5% (Mg soMgo.aaCag 11)7.2:(Sin96 04 )a(Ol)2

Chemical Analyses

For the time being only wet chemical analyses are
available for the most uniformly coloured monominer-
alic samples. The results are given in Table 2. Due to
the advanced intergrown state, the analyses had to be
corrected for the formula caleulation using a special
programme created by G. llinca. In spite of correc-
tion the formulae are undersaturated with respect to
 Si and oversaturated with respect to Y sile cations.
Such features also appear by calculating the published
analyses for sonolite (Cook, 1969) and leucophoenicite
(Dunn et al., 1984). More reliable data were obtained
for tephroite (no. 1 in Table 1) which can be

compared with the published analyses of Peters el al.
(1973). Towever, the calculated ratio Me**t = Si for
the MBII from Franklin is of 2.26 and 2.23, i.e. typ-
ical of sonolite (theoretical value 2.25) whereas for
all chemical analyses from Rizoare the ratio Me®t:Si
varies between 2.42 and 2.52, near the theoretical value
for the ribbeite-alleghanyite pair, 1.e. 2.5, and slightly
overpassing it, towards the still unknown equivalent(s)
of norbergite, having the ratio Me*:Si of 3.

This chemical feature of the Razoare MBI raises the
problem of correct identification. However, the X-ray
diffraction analyses indicate that the most frequently
encountered powder pattern is that of sonolite. It is
hoped that the microprobe analyses now in progress,
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will help in elucidating this intriguing problem.
Minor Elements

The minor elements were determined by means of
emission spectrography using synthetic standards with
TT% MnQ4 and 23% SiOs. Analytical errors are ol
about = 10%. The results are given in Table 3, which
also includes some major elements (Mg, Fe, Ca) show-
ing contents of 1-3 percent not differing much as con-
pared with the wet chemical determinations (Tab. 2).
(hrere are few identified minor elements most of them
being below the detection limit. The main conspic-
uous feature of the Rizoare MBI is the presence of
boron, showing a large variation interval i.e. between
80 and 2500 ppm. However, there are two marked in-
tervals of content variations: 80-240 and 1600-2500
ppm. Such discontinuous variations also show the Ni
contents (4.5-26.0 and 58-75 ppm) (Fig. 2), not for
the same samples as in case of boron. Noteworthy, the
zine content is below detection limit (100 ppm) in all
the analysed samples. Iligher Zn contents were recog-
nized only in samples of pyroxmangite (140-400 ppm),
seemingly the only Zn-bearer at Rézoare.

P. HARTOPANU et al.
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Ilig. 2 — Variation intervals of spectrographically
analysed elements.

Table 3
Emission spectrography analyses on manganese-bearing humites
from Rizoare (ppm)

Sample Mine- Mg Fe Ca Al B Y Ni Co
number ral

114 ¥ 1.8% 9200 7200 320 2500 - 11 17
10 L 2.7% 5000 1.3% 115 1600 = 6 8

79 L 2.1% 6500 5400 560 82 13 - i 2
52 L 11% 1.7% 7500 420 170 10 7

52a L 1.9% 6500 1.1% 380 230 12: 55 65
42a b 1.1% 1.1% 7200 900 180 12 75 25
139 S 1.0% 6700 8200 160 120 12 12 27
105A S 2.0% 3000 1900 - 210 - 35 4.5
42C S 9500 1.0% 6200 800 200 17 58 23

Below detection hmit: Y(10), Ni(3), Al(3), V(5),

Cr(30),

Se(5), Ga(10), Ge(10), Cu(3), Zr(10), Zn(100 ppm). S - sono-

lite; L — leucophoenicite.

X-ray Diffraction Powder Patterns

Although relatively coarse-grained the tephroite and
associated MBIl from Razoare give generally mixed X-
ray powder patterns. Over 30 X-ray diflraction charts
have been obtained on different samples. Most of them
constantly show well resolved peaks at d of 3.6x, 2.8x
and 1.8x A with variable intensities. Clearly two-
phase samples have splited peaks, especially at 2.8x
and 1.8x A, suggesting the probable submicroscope in-
tergrowths of MBII. However, some purer samples

exhibit diffraction patterns characteristic of tephroite,
sonolite and leucophoenicite and for reason of being
directly compared the data are graphically presented
(Fig. 3). Small and/or ill defined peaks characteristic
of alleghanyite and ribbeite have occurred in some few
samples analysed. However, these phases could not
be definitely identified. The main MBIl at Rizoare
remain thus the sonolite and the leucophoenicite. Pat-
terns with well developed peaks at 5.30, 3.62, 2.88,
2.60, 2.55 and 1.80 A are typical of tephroite (Fig. 3A).
Shght transformation of tephroite to sonolite leads to
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change of peak intensities and to the appearance of
the sonolite peak at 1.74 A(Tig. 3B). The latter peak
is better developed in the sonolite-dominated samples,
with inherited tephroite (Iig. 3C); here a group of
peaks, i.e. at 2.61, 2.65 and 2.70 characteristically de-
velop. For the leucophoenicite-dominated samples the
X-ray powder pattern exhibits two peaks, 1.e. at 2.87
and 2.70 of nearly equal intensities (Fig. 3D). The fol-
lowing chart (Fig. 3E) shows some peaks suggesting
the presence of alleghanyite (i.e. at 3.13, 3.02, 1.76A
ete), in which, however, the leading pattern is that of
sonolite.

4 I |||\ e ., E
L , [III:JLI.I . D
o IR 1 | Y
=N L III L1, 8
Ll Ili I,II|,||, | | L 1A
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Fig. 3 - X-ray diffraction charts of the most typical sam-
ples of the tephroite-MBII assemblage.

A, tephroite; B, slightly "sonolitized"” tephroite; C, sono-
lite with tephroite relics; D, leucophoenicite with sonolite;
E, sonolite pattern with subordonate alleghanyite peaks.

IR Data

No standard IR curves seem to exist for the MBI
yet. Although of similar appearance, the curves pre-
sented in Figure 4 show some differences. Tentatively,

Jacobsite.

they may be interpreled as being characteristic of
the two leading MBI species existing at Razoare, i.e.
sonolite and leucophoenicite. The 1R spectra of the
MBII show supplementary absorbtion peaks as com-
pared to those of tephroite; they are at 452, 674, 918
em™! for both MBII species and particularly at 1085
em™! for sonolite. The absorption peaks at 3500 em™!
indicating the structurally bounded OII groups are
also characteristically developed for the MBH species
as compared to that of tephroite.

Discussion

As part of a study of the manganese-iron miner-
als from Rizoare, Preluca Mts, Romania, we exam-
ined many specimens containing prevailingly MBI and
The whole assemblage (tephroite, MBI,
carbonate-fluorapatite, apatite) practically contain no
iron, except jacobsite, a feature which contrasts with
the other assemblages occurring within the deposit.
The tephroite-MBII assemblage is developed in the
lower, carbonate-rich part of the Mn-TFe-bearing meta-
morphic sequence, which is silica-undersaturated. Like
the whole deposit, the tepliroite-MBH assemblage is
also poor in Mg and Ca. '

The MBH belong to the morphotropic series of hu-
mites (I'leischer, 1983) with the general formula of

nMn,SiO4.Mn(OIT),

where n=1, 2, 3, 4, giving three polymorphs pairs
(‘Tab. 4). At the same time, the MBH include two
structurally distinet groups or families, i.e. the man-
ganhumite and the leucophoenicite groups (Moore,
1970; Dunn, 1985; Dunn et al., 1984; Peacor et al.,
1987). The Rizoare ores seem to contain only the
tonoclinic members and thus representatives of both
groups.

Preliminary data on the RAzoare material showed
intimate intergrowths of tephroite with sonolite and
leucophoenicite. Some evidences suggest the presence
of alleghanyite too, as'well as the probable existence
of ribbeite. For the time being only wet chemical anal-
yses are available, carried out on relatively uniformly
coloured materials. The X-ray dillraction date show
the predominance of the sonolite and leucophoenicite
powder patterns with ecither relics of tephroite or
"satellite” reflection characteristic of alleghanyite and
to a lesser extent of ribbeite. The mixed X—ré.y spac-
ings are probably due to insufficiently purified analysed
material; such data may, however, indicate a general-
ized state of mixed layering as Yau and Peacor (1986)
have demonstrated for jerrygibbsite-leucophoenicite.
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Fig. 4 — IR absorbtion charts of teplroite (A), leucophoenicite (B) and sonolite (C).

The Razoare MBH do not show significant I' (some
few analyses gave only 0.04-0.08 percent F) and Zn
contents, typically identified by Dunn (1985) as having
© stabilizing effects on the MBH structures. However,
Yau and Peacor (1986) suggested that leucophoenicite
group minerals formed in absence of F. lustead, the
MBH of Razoare constantly shows significant boron
contents, seemingly higher in the leucophoenicite-
dominated samples (up to 2500 ppm). It 1s likely
that boron may play a critical role in the composi-
tion/structure of the MBI from Rézoare, in a way
difficult to be clarified. It is a matter of further re-
search.

The appearance frequency of the MBH identified at
Réazoare by all the methods used up to now increases

in the following succession: alleghanyite (?) - leu-
cophoenicite — sonolite, suggesting their probable order
of succession by formation at the expense of tephroite.
This is a possible explanation of the gradual disappear-
ance of the ecarliest formed phase (alleghanyite) with
an intriguing inheritance of its Me2*:Si ratio.

The tephroite-alleghanyite (?)-leucophoenicite-sono-
lite assemblage represents a typical feature of the
Rézoare ores. Although not previously described here,
these mineral species have a wide distribution within
the ore lenses. Macroscopically the rose-red-brown
granular aggregates of tephroite-MBH resemble much
the pyroxmangite-rich assemblage, in which, however,
Jacobsite is lacking. As compared to the higher grade
assemblage of manganoan fayalite-orthopyroxene cal-
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Table 4
Systematics of manganese-bearing humites®
Formula Me**:8i  Stabilizing
elements™
Tephroite Mn,SiOy 2

Orthorhombic Monoclinic
Series Series
Pbnm P2:b

Unknown in nature

Mn3(SiO4 )(OH), 3.0

Ribbeite Alleghanyite MnsSi04,0H, 2.5 F, Zn
Manganhumite  Leucophoenicite NIn7(SiO4)3(OH)2 2.33 Ca, Zn
Jerrygibbsite Sonolite Mnsg(SiO4 )4 (OH)2 2.55 Zn
Manganese humites from Rizoare 2.42 B(?)***

Italics — the leucophoenicite group or family.
* The classification proposed by Dunn (1985) includes three groups, i.e. humite group

{(norbergite, chondrodite, humite and clinchumite), Mn-humite (alleghanyite, man-
ganhumite and sonolite) and leucophoenicite group (leucophoenicite, jerrygibbsite,

to which ribbeite adds, ace. to Peacor
with Me?t:Si of 3:1, i.e. the equivalents of norbergite, are still lacking in nature.

T Ace. to Dunn (1985).
2T This study.

deritic spessartine, the tephroite + MBH + jacobsite
assemblage has formed during a later, retrograde meta-
morphic phase. Among many still unsolved problems
of the Razoare deposits, the presence of the tephroite-
MBH assemblage is an intriguing one; it seems to have
evolved in a nearly closed system containing iron linked
practically only in jacobsite. The metamorphic evolu-
tion of the Mn-rich parts of the "stratified” protolith
from Razoare parallels that of iron-richer ones but
shows some differences. Petrology of the deposit is,
however, the matter of a future paper.

References

Bilan M. (1976) Mineralogia zicimintelor manganifere de
la lacobeni. Edit. Acad. Romane, 123 p., Bucuresti.
Cook D. (1969) Sonolite, alleghanyite and lencophoenicite
from New Jersey. Amer. Miner., 54, p. 1392-1398,

Washington.

Dunn P. J. (1985) Manganese humites and leucophoenicites
from Franklin and Sterling Iill, New Jersey: paragene-
ses, compositions and implications for solid solution
limits. Amer. Miner., 70, p. 379-387, Washington.

-, Peacor D. R., Simmons W. B., Essene E. J. (1984)
Jerrygibbsite, a' new polymorph of Mng(SiO4)4(0OH)s
from Franklin, New Jersey, with new data on leuco-
phoenicite. Amer. Miner., 69, p. 546-552, Washing-
ton.

et al., 1987). In the last two groups members

/69?(7

R

Fleischer M. (1983) Glossary of mineral species 1983.
Miner. Record [nc., 202 p., Tucson.

Moore P. B. (1970) Edge-sharing silicate tetrahedra in the
crystal structure of leucophoenicite. Amer. Miner., 55,
p. 1146-1166, Washington.

Peacor D. R., Dunn P. J, Su S. C., Innes J. (1987)
Ribbeite, a polymorph of alleghanyite and member of
the leucophoenicite group from Kombat mine, Namibia.
Amer. Miner., 72, p. 213-216, Washington.

Peters T., Schwander H., Trommsdorff V. (1973)
Assemblage among tephroite, pyroxmangite, rhodo-
chrosite, quartz: experimental data and occurrences
in the Rhetic Alps. Contr. Miner. Petr., 42, p. 325~
332, Berlin.

Udubagsa G., Hartopanu P., Ilinca Gh., Valdman St. (in
press, 1993) The regionally metamorphosed Mn-Fe de-
posit at Rizoare, Preluca Mts, Romania. Rom. J.
Miner. Dep., 76, Bucuresti.

Winchell A. N., Winchell H. (1951) Elements of optical
Mineralogy. Wiley, New York.

Yau Yu-Chyi, Peacor D. R. (1986) Jerrygibbsite-leuco-
phoenicite mixed layering and general relations be-
tween the humite and lencophoenicite families. Amer,
Miner., T1, p. 985-988, Washinglon.

Received: June 10, 1991

Accepled: June 12, 1991

Presented at the scienlific session of the Institute of

Geology and Geophysics: June 19, 1991

f/\\ Institutul Geologic al Romaniei
R




H—'\
AR Institutul Geologic al Romaniei

\es/



P.HARTOPANI ¢ al.  MINERALOGY OF THE Fe Mu ORE DEPOSIT AT RKZOARE, PRELUCA MTS

TR

Plate
Fig. 1 Twinned lencophoenicite grain with chodochrosite inclusions. Jacobsite (black) ents de twin, The coarse twinning
2618, X ),
Fig. 2 - Dolysynthetically twinned sonolite with inclusions of carbonate Huorapatite. Crossed polarizers, x 4.

in typical of levcophoenicite. Thin section, crossed pol

Fig. 3 - Tephroite (grey). associated with twinned lencophoenicites. Black is jacobsite. Crossed polarizers, x 40,

Fig. 4. - Twinned sonolite grain. Crossed polacizers, < 40,

i A grain of manganese-bearing, humite with alleghanyite type twin, Black is jacobsite. Crossed polarizers, x 40,
Sonolite twin interrupted by thodochrosite (whitish grev) and jacobsite, Crossed polarizers, x 0.
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CONTRIBUTIONS TO THE STUDY OF THE FLUID INCLUSIONS IN THE
MIAROLITIC QUARTZ INCLUSIONS IN THE DRAGANULUI VALLEY

Ioan PINTEA
Institutul de Geologie 51 Geofizicid. C.P.181, 3400 Cluj-Napoca 1.

Key words: Fluid inclusions. Salinity. Density. Temperature. P-T conditions. Granite.

Apuseni Mountains.

Abstract: The polyphase {luid inclusions from the miarolitic quartz crystals from the
Driganului Valley granite have a salinity of 50-70 per cent weight, density 1.09-1.57
g/cm?®, homogenization temperature ranging from 420 to more than 600° C and vapour
pressure in the trapping moment of minimum 150 bars. Their coexistence with fluid
inclusions rich in vapours suggests the fluids separation from the granitic melt and their
subsequent dissolution by boiling.

Introduction

The druses in the granite cropping out in the
Draganului Valley, between its tributaries —~ Zarnii and
Craciunului valleys — were first described by Stoico-
vici and Gliszezynsky in [944. Some aspects related
to these formations were resumed by Giusea (1950),
who also described some quartz crystals. They were
also mentioned by Istrate (1978) and Stefan (1980)
but were not minutely described. Recently, when pre-
senting generally the pneumatolitic phenomena associ-
ated with granites in Romania, Marza (unpubl. data)!
mentioned them again, giving a synthesis of all the
data known so far. Thus, miarolites are especially lo-
cated in microgranitic zones; they display spheroidal or
elliptical shapes and consist of idiomorphous crystals
of smoky and white quartz, orthose, albite, tourmaline,
biotite, fluorite, metallic minerals and zeolites. Genet-
ically, they are considered the result of a pneumatolitic
process with an intensely alkaline metasomatosis which
yielded the microgranitic facies,

1. Types of Fluid Inclusions in Quartz
Crystals

The samples studied by us consisted of crystals of
white and smoky quartz taken off from the whole out-
cropping area of granite (two of the samples are from
the collection of I. Marza). Several types of fluid in-
clusions have been emphasized which, according to
their content at the ambient temperature, have been
marked, as follows:

11, Marza - Puneumatolitic Mineralizations Associated with
Granites (Granodiorites) in Romania.

1.1 Type S. Polyphase fluid inclusions which con-
tain beside liquid and vapours several solid phases (P,
Figs. 1-4).

1.2. Type V. Biphase fluid inclusions within which
vapours prevail, the liquid phase representing only 5-
10 per cent of the cavities volume (Pl Fig. 5).

1.3. Type SV. Triphase fluid inclusions within which
vapours prevail, liquid being subordinate, to which one
or several solid phases are added (PL., Fig. 6).

1.4. Type L. Biphase fluid inclusions within which
the liquid phase occupies most of the cavities, the
vapour phase subordinate.

With its varied morphological aspect from negative
crystal to irregular shapes this type generally occu-
pies planes of healed cracks; locally they are, however,
spread within crystals. The smoky variety of quartz
usually includes all types of fluid inclusions, whereas
in the white variety types L and V predominate.

2. Polyphase Fluid Inclusions

These inclusions are characterized by several solid
phases beside liquid and vapours, their study consti-
tuting the object of the present paper.

2.1 Identification of Solid Phases

The determination of the solid phases was based on
the optical properties, solubility degree and microther-
mometric behaviour. In several cases [avourable re-
sults have heen obtained, in other cases because of the
extremely reduced size the identification of some of the
solid phases is uncertain or even impossible. The solid
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phases taken into consideration are, as follows:

2.1.1. Halite. An omnipresent crystalline phase
which is found as perfect or slightly rounded cubic
crystals (Pl., Figs. 1-5), isotropic or colourless. At low
temperature they react with the liquid yielding a hy-
drohalite that can be recognized after its birefringence
and the low degree of solubility (Roedder, 1971). Vol-
umetrically, it occupies the first place among the solid
phases.

2.1.2. Sylvite. 1t represents the second solid phase
identified positively. Tt differs from halite by its lower
relief, octahedral aspect or obviously rounded, of a
light-grey colour. Sylvite does not react with liquid
at low temperatures (Pl., Figs. 1-4).

92.1.3. Hematite. Tt occurs as grains and hexagonal
plates of a red, brown or black colour. It is not dis-
solved during the microthermometric tests (Pl., Figs.
1-4).

2.1.4. Anhydrile. It occurs as short or elongated
prisms with a moderate birefringence and upright ex-
tinction. Its participation is more reduced and vari-
able. The degree of solubility is fairly low (Pl., Figs.
1,:2,4).

On the basis of these properties the last minerals
were positively identified by a special Rx method by
Zolensky and Bodnar (1982) in case of hematite and by
Raman spectroscopy by Rosaco and Roedder (1979) in
case of anhydrite.

2.1.5. Magnetite. It was identified in some cases on
the basis of its magnetic properties. Magnetite occurs
as inclusions of opaque edged grains.

2.1.6. Unidentified solid phases. They are repre-
sented by numerous nonmagnelic opaque grains asso-
clated or spread in inclusions or by transparent solid
phases, with crystalline or noncrystalline forms, with
a high reliel and vivid birefringence colours (Pl., Figs.
1, 2, 3, 4, 6). Their identification only on the ba-
sis of the oplical proprieties is difficult. Like anhy-
drite and hematite, they are not uniformely spread in
inclusions and are never completely dissolved during
the microthermometric tests. Thus, from all the solid
phases mentioned only halite and sylvite belong to the
"daughter” mineral group, the other phases being al-
ready formed at the moment of trapping.

2.2. Subtypes of Polyphase Fluid Inclusions

According to the arrangement within crystals, com-
position, shape, voluinetric ratio between phases at the
environmental temperature and the microthermomet-
ric behaviour, two subtypes of polyphase fluid inclu-
sions can be distinguished:

2.2.1.  Subtype S;. Such inclusions are less fre-
quently found. They generally consist of negative crys-

I. PINTEA

tals shapes and are found as spatial groups or occupy
evolute planes of healed cracks.

The volumetric ratio between phases shows con-
stantly the following order: liquid, vapours, halite,
sylvite, anhydrite, hematite and unidentified solid
phases (Tabs. 1, 2). These phases are always accom-
panied by inclusions of type S and SV and, considering
the homogenization way of the latter, they seem to be
contemporaneous with them.

2.2.2. Sublype S3. This subtype of inclusions oc-
curs as rows which suggest healed cracks less developed
than in the first case. The phase ratio is also constant
but the order is changed (Tabs. 1, 2). It is of note
a remarkable decrease of the vapours volume; sylvite
usually occurs with geometric habit and occupies a
volume almost equal to that of halite. The percentage
of halite and of the unidentified solid phases also in-
creases. The coexistence with types V and VS is much
more obvious probably as a result of the inclusions for-
mation from a heterogencous (boiling) fluid.

Table 1
Filling of the polyphase fluid inclusions in the miarolitic
quartz crystals in the Driganului Valley at the ambient

temperature
Composition Sy S
% volume % volume
Aqueous solution 57.68 55.75
Vapours 26.43 4.07
Halite 12.41 25.06
Sylvite 2.51 13.63
Anhydrite 0.70 ~ 0.04
Hematite 0.13 0.95
Unidentified 0.14 0.50

2.3, Chemical Composition of the Polyphase
Fluid Inclusions

The chemical composition of the polyphase fluid in-
clusions determinated based on the method of volume
approximation (Roedder, 1971; Ramboz, 1979) as well
as the data obtained are rendered in Table 2. The high
salinity of the two subtypes of fluid inclusions is mainly
given by the presence of Na and K chlorides, the other
phases, vapours inclusive, representing only about 5
per cent of weight. Because COs is lacking, the gases
from inclusions are considered to consist only of water
vapours and their mass was added to H»0. The dil-
ference between the two subtypes is well marked also
by the chemical composition determined as well as by
the density values which point to a significant increase
from §; to Ss.

2.4. Microthermometrie Evolution
The microthermometric tests were carried out by
means of microthermometric equipment built in the
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laboratory of Fluid Inclusions of 1.G.G. according to used the diagram of the phase equilibrium of the sys-

the norms presented in the relevant literature (e.g.

Roedder, 1984).

Table 2
Chemical composition and density of the polyphase fluid
inclusions of the miarolitic quartz crystals in the
Driganului Valley determinated on the basis of the

: method of volumetric approximation
Component Subtype 54 Subtype S»
g/l % weight g/l Y% weight

H,O 505.54 47.26 485.04 30.78
NaCl 427,27 37.76 691.12 43.88
KCl1 129.56 11.66 337.27 21.36
CaS0y 19.42 1.79 49.73 0.07
Fep O3 6.50 0.62 1.37 312
Unidentified 9.80 0.91 12.28 0.79
Density g/cm” 1.098 1.576

As anhydrite, hematite and the unidentified salid
phases do not represent real "daughter” minerals we
did not take them into consideration during our mi-
crothermometric tests. Thus, all the phase transitions
recorded were included in the system H,O-NaCl-KCI.
The microthermometric behaviour of the two subtypes
can be observed in the evolution sketeh in Figure |.

®

20°C 20°C
[L+V+NaCl+KCl | [ L+V+NaCl+KCL |
88°C ’ 178°C
L+V+NaCl
|
325°C 179-405°C
L+V
-600°C 420°C

|
Det. no.

Fig. 1 - Microthermometric behavior of the polyphase
fluid inclusions. The values represent the average tem-
peratures for the 30, 50 cases, respectively. In case
of subtype S the final homogenization temperature
could not be recorded because of the shortcomings of
the apparata used; the final homogenization in liquid
phase was inferred from the obvious decreasing ten-
deney of the vapour bubble at 600% C in all cases.

As one can infer from these tests S; represents an
initially homogeneous fluid (solution with saturated
vapours) and, consequently, when characterizing it we

tem HyO-NaCl-KCl (Roedder, 1984; Fig. 2). On the

H; 0

Hy0=49 %
B {NaCl=32 weight
KCL =19

NaCl I i 50

Fig. 2 - The plotting of the halite and sylvite dissolution
temperature on the equilibrium diagram of the 'system H,O-
NaCl-KC1 (from Roedder, 1984). A — average temperature
of sylvite dissolution; B — the same value for halite. In the
right top corner is mentioned the salinity of the inclusions 5,
determined by the plotting of point B on the triangle sides.

diagram point A represents the average of sylvite dis-
solution temperatures for 30 inclusions of this type.
Point B represents the average of halite dissolution
temperature and its position determines the chemical
composition of this type of inclusions. The difference
recorded using thetwo methods is not significant so
that either value renders the chemical composition of
the fluid inclusions. In case of the subtype S, the situ-
ation is different due to the anomalous homogenization
way. The disappearance of the gas bubble before the
lialite cube suggests the origin of this type of inclusions
in a heterogeneous fluid in course of boiling. As a mat-
ter of fact, the obvious coexistence with high-vapour
(V or VS) inclusions represents a solid argument in
[avour of the above-mentioned facts. As the fluid in-
cluded in S, was nol in equilibrium with its vapours
the equilibrium diagram of the system HoO-NaCl-KCI
could not be used and consequently one could not ob-
tain another value of the chemical composition; NaCl
dissolution temperature is regarded as minimum tem-
perature of formation of this type. As for the forma-
tion pressure, for S; a volume of 100-150 bars has been
obtained from the same diagram which represents the
minimum value of the fluid vapour pressure at the mo-
ment of its trapping. In case of Sy the pressure value
has to be lower due to the higher concentration of salts
(Roedder and Bodnar, 1980).
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In conclusion, on the basis of the microthermomet-
ric behaviour one can infer that S; represents the ini-
tial fluid separated from the granitic melt in course of
consolidation; this statement is based on the compari-
son of the homogenization temperature (higher than
600° C) with the consolidation temperature of the
Zirnigoara Valley granite (ca. 700° C) determined
by Stefan (1980). It means that around this value
the granitic melt coexisted with the hydrosaline melt,
at the same time being separated by vesiculation and
volatike phase (represented by inclusions of type V
and SV). The much lower homogenization tempera-
ture of type Sa (420° C) as well as the clear heteroge-
neous character of the trapping suggest the evolution
of the initial fluid (represented by S;) in the dissolution
sense, which led to the superconcentration of the fluid
phase and the lurther generation of the volatile phase
(mainly water vapours). Similar phenomena have been
minutely presented by several researchers (Ahmad and
Rose, 1980; Ramboz et al., 1982; Ramboz, 1979: Weis-
brod, 1981, a.s.0.). The formation of both types of
fluid inclusions as well as of the associated ones took
place under conditions of a significant decrease of the
pressure, from 5 kb (value determined by A. Stefan for
granite consolidation conditions) to some hundreds of

hars.
Pressure Temperature
kb G
< 4 ‘ ¥ 250
' . 300
Aqueous soiution
Y with a
low concentration
- " w 350
0% : _ ¥
e
dIlLIJIIOf'I L 400
OV 1 ®
|
Aquepus’ solution Saline solution 450
rich. in vapours supraconcentrated
o \ F .
: L e
| i dissolution |
, i (boiling?) |
! " 1 550
© & ® |
I |
: : T :
— me .
| vapours I | hydrosaﬁne I 600
0154 I J—— S
»  vesiculation immiscibility
/ L 650
GRANITIC MELTING
which is being :
5 crystallized koo
Fig. 3 Probable postamagmatic evolution of the fods

associated to the miarolitic garnet in the Draganulon Val-
ley (schematic representation).

I. PINTEA

3. Comments and Conclusions

The four types of fluid inclusions, especially in the
smoky variety of quartz, point to a long and complex
process of the quartz formation, quite shortly after the
granite emplacement as a result of the interaction of
the fluid phases with the mineral already crystallized.
The formation of high-salinity fluid inclusions indicates
two successive evolution moments. Thus type S repre-
sents the initial fluid separated by the granitic melt in
the course of crystallization (low-water content, high
homogenization temperature, obvious primary charac-
ter) and type Ss represents a superconcentrated fluid
resulting from the dissolution of the former. Either
moment is characterized by the parallel generation of
fluid phases, less dense, represented by inclusions V
and VS. The formation of the two types of fluid in-
clusions took place under conditions of a significant
decrease of the pressure. The final mement in the flu-
ids evolution is marked by the pressure of inclusions L,
which are not the object of the present paper. Figure
3 shows schematically the probable evolution way pre-
sented in this paper which can represent a work model
for future researches. From this paper one can infer
that the formation of the druses where quartz is always
present took place during a long process (the term
‘puenmatolitic’ s.s. does not correspond any longer
to the genesis conditions) which started from the mag-
matie stage and was controlled by the interaction be-
tween the fluid phases and the surrounding rocks.
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Plate
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MINERALOGICAL DATA CONCERNING THE MAGNESIAN HORNFELS
IN THE PIETROASA AREA (BIHOR MOUNTAINS)

Stefan MARINCEA
Institutul de Geologie si Geofizicd. Str, Caransebes 1, 78 344 Bucuresti 32.

Key words: Carbonates. Borates. Nesosilicates. Sheet silicates. Hornfels. P-T condi-
tions. Metasomatism. Mineral data. DTA data. Major elements. X-ray data. Apuseni
Mountains — Bihor Mountains. i

Abstract: A large area of magnesian hornfels is developed at the contact between the
Pietroasa granitoid body and the Anisian dolostones belonging to the Ferice Unit, in the
north-western part of the Bihor Mountains. The mineral assemblage which characterizes
these hornfels includes, beside carbonates (calcite, dolomite), which constitute the back-
ground: forsterite, clinohumite, chondrodite, spinel, diopside, talc, tremolite, phlogopite,
clinochlore, lizardite, brucite, as well as ludwigite, szaibelyite, magnetite, hematite and
apatite. The presence of borates and of some minerals with potential fluorine contents
(humite, phlogopite, tremolite, talc) points to a boron-fluorine metasomatism which lo-
cally affected the hornfels groundmass. This also occurs in case of some calcic hornfels in
the vicinity, characterized by the abundance of an apophyllite with 49.28 mole per cent
fluorapophyllite in solid solution. The optical properties of the minerals in magnesian
hornfels area, as well as some other physical and chemical peculiarities, were used in
order to establish some physico-chemical conditions which governed the evolution of this

system during the thermometamorphism.

1. Introduction

In the north-western part of the Bilhor Mountains,
in the upper basin of the Crisul Pietros Valley, a large
area of magnesian hornfels is developed'at the contact
between the Pietroasa granitoid body and the Anisian
dolostones belonging to the Ferice Unit (Nappe). A
weak boron-fluorine metasomatism locally affects the
. hornfels groundmass.

The Pietroasa granitoid body, granite-
granodiorite differentiations, was assigned to the sec-
ond cycle of the banatitic magmatism in the Apuseni
Mountains, Danian-Ypresian in age (Stefan et al.,
1988). It thermally affects a large area with carbon-
atic deposits referred to the Ferice Unit, but only the
Anisian ones have a dolomitic nature, being the po-

with

tentially pre-metamorphic rock of the study hornfels.

(Bordea, Bordea, 1973).

The widespreading of this hornfels arca led us to
investigate only few zones adjacent to the contacts in
the Crisul Pietros, Sebigel and Aleului valleys, in the
Giungitura Summit (Cirpineasa Valley) as well as two
dolomite "roof pendants” located in Borului Hill and

Mégura Guranilor areas (dotted area in Figure 1). All
these areas are situated west of the Galbenii Fault.

Even if most of the premetamorphic rocks are
"protodolomitic” in nature, the presence of alloclasts
(quartz, micas, clay minerals: Bordea, Bordea, 1973)
favourises the yielding of magnesian silicates as iso-
chemically thermometamorphic products.

2. Mineralogical aspects

A previous petrographic study undertaken by
Rafalet (1963) shows that the mineral assemblages
in the Pietroasa magnesian hornlels include calcite,
dolomite, brucite, forsterite, spinel, chondrodite, clino-
humite, diopside, tale. tremolite, serpentines, ludwig-
ite, magnetite and hematite. Szaibelyite (Stoicovici,
Stoici, 1969), clinochlore, phlogopite (Marincea, 1992)
and apatite also occur,

Such a mineralogy potentially indicates a weak and
well-defined boron-fluorine metasomatism, which also
allects some calcie hornfels in the vieinity.
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Mg, 1. - Sketeh after the geological map of the study area, scale 1:50000
(Pietroasa Sheet, Bleahu et al., 1985), with the distribution of the main areas
of magnesian hornfels (dotted areas). p=Permian; w=Werfenian; an=Anisian;
ld=Ladinian; no=Norian; rh=Rhetian; J; =Lower Jurassic of the Ferice (p, w, an,
ld-noy, nog-rhy, J ) and Ariegeni (w, an) units; br=Barremian; ap=Aptian (Bihor
Unit); sn=Senonian (post-tectonic cover) o am; p; vp; v; my; pm=hornblende
quartz andesites; rhyolites; biotite 4+ hornblende granodiorites; granites; por-
phyritic microgranites; microgranitic rhyolites, Maastrichtian-Paleocene in age
(banatites); mv= Malvensian; Q=Quaternary (post-intrusive cover).

3. Mineralogy of the unmetasomatized and refringence) but their presence can be easily pointed
fluorine-metasomatized areas out by thermal analyses. The main effects recorded on
the DTA and DTG curves (Tab. 1) have been assigned

3.1. Magnesian hornfels to the following phase transformations:

Carbonates prevail in the premetamorphic rocks and a) 720-760° C on the DTA curve (710-755° C on the
they normally predominate in the contact area, too. In DTG curve): decomposition of MgCOg from dolomite;
the magnesian hornfels calcite coexists with dolomite. b) 800-880° C on the DTA curve (790-875° C on the
The two carbonates can be distinguished with difficult DTG curve): decomposition of CaCQOjg from dolomite;
by optical means (they are, however, differentiated by ¢) 930-960° C on the DTA curve (925-950° C on the

l/-l._--‘ . 0 -~ - -
_a Institutul Geologic al Romaniei



MINERALOGY OF MAGNESIAN HORNFELS AT PIETROASA . i |

Table 1

Thermal Analyses Data on Carbonates from Pietroasa Contact Area®

Sample Character of the effect  Thermal value  Thermal value  Loss in weight  Identified
Location on the DTG and on DTA curve  on DTG curve  on TGA curve mineral  Ed
DTA curves o) (°cy (%)
153 endothermic 7H5 750 10.64 dolomite
Sebigel Valley endothermic 880 875 20.75 dolomite  1.05
endothermic 940 935 50.00 calcite
139 endothermic 720 710 13.12 dolomite
Aleului Valley endothermic 800 790 26.66 dolomite 0.97
; endothermic 960 950 49.00 calcite
167 endothermic 760 755 14.75 dolomite
Aleului Valley endothermic 825 820 28.69 dolomite 1.06
endothermic 930 925 43.00 calcite
# analyst T. Drighiciu, 1.G.G
FF CO2 in MgCO3/CO2 in CaCOg, ratio, based on TGA curves of dolomitic phase.
Table 2
Magnesium Content in Carbonate Phases from Pietroasa Area,
Based on Variation of (1014) Spacing "’
Sample Location d(1014) d(1014) Associated MgCOs
(A) (A) minerals(® %
| A) Calcite ) |
13342 Sebigel Valley 3.027 0.008 fo, cl, ta, se, br, sz, lw, ch  2.73
139 Aleului Valley 3.021 0.014 fo, ch, se, br 4.78
16002 Aleului Valley 3.023 0.012 ph, br, se 4.10
167 Aleului Valley 3.020 0.015 fogsp, ch, ph, se, br 5.12
173 Aleulni Valley 3.027 0.008 di, fo, tr, se, br 2.73
1794 Alenlui Valley 3.021 0.014 fe, ch, ta, br, se, cl, sz 4.78
2102 Alenlui Valley 3.025 0.010 sp, fo, se, br 3.41
280 Crigul Pietros Valley  3.028 0.007 fo, sp, ch, se, br 2.39
292 Cirpineasa Valley 3.033 0.002 fo, sp, se, br, ¢l, ap 0.68
| B) Dolomite |
139 Aleului Valley 2.8855 0.1495 fo, ch, se, br 51.02
15330 Sebigel Valley 2.8800  0.1460  ta, cl 49.83
167 Aleului Valley 2.8879 0.1470 fo, sp, cli, ph, se, br 50.20
202 Cirpincasa Valley 2.8870 0.1480 fo, sp, se, br, cl, ap 50.51
298 Cirpineasa Valley 2.8890 0.1460 fo, ta, se, br 49.83

(1) CuK, radiation, A=1.5418 A; analyst C. Cristea (L.G.G.)
(2) Data for these samples are also given by Marincea (1992)

(2) Abbreviations in Fig. 5: sp=spinel; lw=ludwigite; sz=szaibelyile; cl=clinochlore; ap=apatite,

DTG curve): decomposition of CaCOjz from calcite.

The dominance of ¢ a l ¢ 1t e within the
Pietroasa carbonatic association seems to be deter-
mined by the ”protodolomitic” nature of the premeta-
morphic rock (which can be mmeralogically regarded
as a low-temperature magnesian calcite in equilibrium
with dolomite). In magnesium-free marbles appeared
as a result of the thermal metamorphism calcite devel-
ops as large monomineral masses which frequently con-
tain non-carbonatic phases. Linear dolomitic segrega-

tions, which are disposed along the calcite perfect
cleavage after (1021), in angular unconformity with
the polysynthetic twin planes (0221), occur spo-
radically. These calcite-dolomite intergrowths are
similar to those produced by exolution (Goldsmith,
1960; Carpenter, 1967). The X-ray method pro-
posed by Goldsmith et al. (1955) was used in or-
der to determine the MgCOj3 contents of some cal-
cite samples.  Using the standards proposed by
Brown (1961) for pure carbonates (d(1014)=3.035
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A for calcite and d(1014)=2.742 A for magnesite)
the following equation for the relationship between
(1014) spacing and composition has been obtained:
X (mole percent MgCO3)=341.29693Ad(1014), where
Ad(1014)=d(1014) for the standard calcite -d(1014)
for the analysed carbonate. )

The magnesite contents determined on the basis of
this method are presented in Table 2. The contents of
Fe?* and Mn?* in marbles_are very small (as can be
seen in Table 3) and may be neglected as a source of
error in this procedure.

St. MARINCEA

has been pointed out based on the diffractometric ev-
idence (Tab. 2) and confirmed by thermal analyses.
The computation of the I ratio for the dolomitic phase,
where 1=(CO; from MgCOgz): (COz from CaCOs),
deduced on the basis of the loss in weight marked
on the TGA curves (Todor, 1972), pointed to values
which define both calcic dolomites (I<1) and magne-
sian dolomites (I>1) with slight deviations from the
ideal formula (I=1) (Tab. 1).

Forsterite oceurs as isolated, an-
hedral or subhedral crystals usually bordered hy

Table 3
Partial Wet-chemical Analyses of Carbonate Phases from Pietroasa Area
(% oxides)

[ Sample Location CaO MgO MnO FeO Fe;02 FeOorar |
133777 Sebigel Valley 29.86 19.46 0.8 0.00  0.12 0.11
153(3  Sebigel Valley 28.94 2040 .0.02 0.00  0.00 0.00
167 Aleului Valley 4352 561 010 0.00 0.11 0.10
(1) analyst E. Calinescu, L.P,G.G.
(2) analyst E. Colios, LP.G.G.
Table 4
Wet-chemical Analyses of Various Monomineral Samples from Piélroasa Area (wt. per cent Oxides}(”
[Sample Si0, TiO; ALO3; Fe;03 FeO  MnO  MgO  CaO KO NaO  H,0B8)  FY) O=F
139t¢) - - 139 0.00 001 2362 0.00 = = - -~ -
160 4123 087 1536 223 003 002 2720 000 970 0.03 3.50 025 011
167 000 091  67.23 501 005 004 2676 000 000  0.00 0.00 - -
173 42,57  0.02 0.62 0.83  0.00 0.03 4243 000 0.19 0.07 13.24 = =
213 51.93  0.00 0.30 0.00 000 006 073 2559 483 0.i1 15.18 1.15  0.48

(1) analyst E. Cilinescu, L.P.G.G. Samples represent:
213, apophyllite.
(2) partial analysis.
" (3) water determined by the Penfield method.

139, forsterite; 160, phlogopite; 167, spinel; 173, lizardite;

(1) fluorine determined by the Grimaldi method; analyst V. Neacsu, LP.G G.

Dolomite occurs within the Pietroasa magne-
sian hornfels in two-textural varieties similar to those
reported by; Carpenter (1967) at Crestmore. Both
so-called ”fine-grained dolomite” (clusters of subpar-
allel dolomite graius included in the calcite ground-
mass) and ”coarse-grained dolomite” (equant grains
of dolomite which seems to be remobilisations of the
first type) have been encountered.

In magnesian marbles with calcite-dolomite inter-
growths the dolomite amount within the carbonatic
mass ranges between 26.62 and 91.87 per cent. It has
been estimated on the basis of the partial chemical
analyses presented in Table 3, after deducing the Mg
contents in associated calcites by the X-ray method
(Tab. 2). The stoichiometry of the dolomite formula

alpha-serpentine reaction rims. The optical features
(the lack of pleochroism, +2V=85-88% second or-
der birefringence) indicate a term with a low con-
tent of fayalite in solid solution. The forsteritic char-
acter of the Pietroasa olivines has also been con-
firmed by X-ray powder study. Yoder and Sahama
(1957) showed the linear dependence between the
forsterite contents in olivine solid solutions and the
(130) diffractometric spacing. Using their formula:
forsterite (mole per cent)=4233.91-1494.59 d (130)
we pointed out in the Pietroasa olivines forsterite
contents ranging from 95.84 to 98.38 mole % (Tab.
5). Moreover, a partial wet-chemical analysis (sam-
ple 139 in Tab. 4) led, on the basis of the ratio
MgO:FeOp:Mn0=23.62:1.39:0.01, to a compositional
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formula of forsteritegs pafayalites sotephroiteg go type.
Spinel oceurs either as disseminations throughout
the carbonate mass, to which sometimes a layer tex-
ture is lent, or as inclusions in forsterite. In both sit-
uations, octahedral erystals of a blue-lavender colour
and sizes ranging between (.01 and 0.75 mm are to
be found. The refractive index determinated by the
Schroder’s method points to an extreme magnesian
term. This index is n=1,719, identical with the one
indicated by Palache et al. (1961) for the magne-
sian end-member in spinel series. The least squares
refinement of cell parameter of the same spinel sam-
ple, based on the X-ray powder data shown in Table 6,
led to the value ag=8.092 A. This value is close to that
given by Palache et al, (1961) for synthetic MgAl,Oy4
(ag=8.086=£0.003 A) but higher than that calculated
by Datta and Roy (1968) for a spinel originating in
some magnesian hornfels from Sweden (ap=8,071 A).
This fact can be explained both by the magnesioferrite
content. (which also explains the greenish pleochroism
of the Pietroasa spinel) and by a higher tetracoordi-
nated Mg?* content in the spinel formula. Such a four-
fold coordinated Mgt excess characterizes the spinels
generated atl high temperatures (Datta, Roy, 1968).

Table 5
‘orsterite Content in Olivine from Pietroasa Area,”’

Based on Variation &f (130) S[)ncing“]

Frarsterite

Sample Location 200130y di1aey( A) content
(mole%)
139 Aleului Valley 32,28 27687 95.84
167 Afeului Valley 32.30 2.7670 98.38
280 Crisul Pietros 32.30 2.7670 98,38

(1) Cula radiation, \=1.5418 A, analyst C. Cristea (1.G.G.).

ence of titanium in the Pietroasa spinel indicates a
2Fedt — Fe?t (Mg®+ )4+ Ti't type substitution, which is
common in ulvospinel. Such a substitution can also
explain the increase of the cell parameter.

The infrared absorption spectra recorded for the
same sample displays a trend similar to that recorded
by Datta and Roy (1968) for a spinel synthesized at
"low” temperatures (600° C). Similarities occur in the
high intensities and the relatively tight character of the
absorption band complexes between 500-800 em™~! and
10001100 em™" (Fig. 2). The main absorption bands
are those at 514 em~"', 580 em~1, 662 em™!, 680 ecm™!,
765 em~t, 1008 em~! and 1088 em™1!.

Clinohumite was found in many loca-
tions in the Pietroada zone: cu Cale Valley, Dimcoasa
Hill (Rafalet, 1963), Aleului Valley (Marincea, 1992},
Sebisel and Cirpineasa valleys, Borului Hill. It occurs
as isolated subhedral or anhedral crystals, requently”
bordered by alpha-serpentine. The diagnosis has been
made based on the optical properties. The mineral
has an optic axial angle (+)2V=74-77% and an extinc-
tion angle cinp=12-13°, The weak pleochroism (light
yellow after n,, colourless after n, and n,,) and the
relative low birefringence point to an extreme magne-
sian term (Troger, 1959). Multiple twinning on (001)
is comimon.

Chondrodite occurs rarely than clinohu-
mite in hornfels nearby the confluence of the Sebigel
Valley with the Aleului Valley, where it was also re-
ported by Rafalet (1963). The mineral was differenti-
ated from clinohumite on the basis of the optical con-
stants (+2V=T6-81"; c:n,=22-24"). It also display a
weak pleochroism (golden yellow after n,. light yellow
after n,,, colourless after ng), a relative low birefrin-
gence and is [requently twinned after (001).

Diopside scarcely oceurs in the Pietroasa
magnesian hornfels. Its optical properties (extinction

Table 6

The Main Diffractometric Reflections for Pietroasa Spinel®

d/n (A) 4.665 2.861 2439 2,023 1.654 1.557 1.431
/T, 40 15 100 45 10 35 10
(hkT) (1711)  (220) (311) (400) (422) (511) (440)

* Pawder method, Cullo radiation, A=1.5418 A; analyst. C. Cristea (LG.G.).

A wet-chemical analysis of a Pletroasa spinel
(sample 167 in Table 4) led, by normalisation

of the 4 (O) basis, to the following formula:

L9 3 wlbl ok
(Mgo.os16Fen b0 10Mna toos ) (AlLgr13Fey hago Tio.0165)O4.

The most probable constitutional formula would be,
in this case, as follows: spinel 94.68 magnesio-
ferrite 5.13 magnetite 0.10 jacobsite 0.09, pont-
ing out a great amount of MgAl,04. The pres-

e, =38-40°; +2V=55-56"; positive elongation, lack
of pleochroism, relatively low birefringence) point to a
term with a low hedenbergite content, quite close to
the diopside gnd-member.

Tremolite has, as compared with the asso-
ciated minerals, a limited extent. It generally occurs
in diopside++tremolitetforsterite aggregates (i.e. on
Aleului Valley). The optical properties (-2V=84-85",
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extinction angle ¢:in,=18-20°, positive elongation, lack
of pleochroism) also indicate a high-magnesian term,
with a negligible content of ferroactinolite,
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Fig. 2.
Pietroasa (1) versus similar spectea recorded by Datta and
Roy (1968) for MgAl,Oy4 synthesized al temperatures of Goo"
C (2) and 880" C (3), whose transmission has been inferred
from comparison with (1).

Infrared absaption spectrum of a spinel from
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Phlogopite wasfirst reported at Pietroasa,
though this mineral is common in the magnesian horn-
fels area. The megascopically observed greenish colour
and the quite weak pleochroism (yellowish after n, and
Ny, colourles after n,) point to a (hydroxy) phlogo-
pite with low content of annite. The optical constants
(-2V=10"%; extinction a:n,=2") also indicate a magne-
sian term with a reduced amount of fluorphlogopite
moles (-2V=0° for fluorphlogopite).

A wet-chemical analysis (sample 160 in Table 4) led
to the following crystallochemical formula: (I 7261
Nagoos4) (Mgs.e55aMng 0025 Fedbaqq Aloarre Tiooria)
(Sis.7518Al2.2482020.6231 ) (OH3.0611 Fo.1108)-

The normative composition inferred from this for-
mula points out a hydroxyphlogopite with a low
content. of fluorphlogopite (3.26 %) and annite-
siderophyllite (4.04 %) moles.

The X-ray powder diffraction pattern recorded for
the same sample (160) indicates a 2 M; phlogopite.
This polytype is, moreover, common in the thermal
contact areas (Smith, Yoder, 1956). The least squares
refinement of the diffraction data rendered in Table
7 led to the following cell parameters: ag=5.258 A,
bo=9.252 Ei, c0=20.316 A and #=95°32': these values
are relatively close to those mentioned by Yoder and
Fugster (1954) for a 2M; natural phlogopite: ag=5.347
A, bo=9.227 A, ¢0=20.252 A, p=95°1".

T alc generally occurs as isolated subhedral crys-
tals, less commonly as bunches of erystals surrounded
by the carbonate groundmass. There are noticeable
some taletremolite aggregates which occur locally.
The optical properties (-2V=0°%, positive elongation,
straight extinction versus (001) perfect cleavage) are
cnough to identify the mineral.

Clinochlore, first mentioned by Marincea
(1992) at the confluence of the Sebigel Valley with

Table 7

X-ray Powder Data for Pietroasa Phlogopite®

d/n (A) 1007 5052 4608 3.810 3.540 3.371 3.285 3.157 3.024
1/To 1004 50 3 & 4 100 2 7 25
(hki) (002) (004) (110)  (023) (114) (o0OG)  (114) (115 (025)
(020) :
d/n (A) 2930 2877 2712 2611 2.527 2.433 2.304 2.270 2.178
/1o 7 15 4 6 70 4 2 3 6
(LkI) (115)  (1168)  (131) (116) (008} (133) (040) (135) (135)
(220)
d/n (R) 2057  2.025  1.906 1.747  1.542
1/1g 4 100+ 5 15 7
(hkI) (224)  (0.0.10) (137) (139)  (330)
(060)

* CuKg radiation, A=1.5418 A; analyst C. Cristea (LG.G.).
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the Aleului Valley, has a reduced spreading within the
Pietroasa contact area. lts optical properties (weak
pleochroism: light green after n, and n,,;, and yellowish
green after ng, low and sometimes anomalous birefrin-
gence, +2V=20° np:a:-"OU) indicate an orthochlorite
of pennine-clinochlore type. The diagnosis has been
made based on X-ray powder diffraction data on the
mineral. The high and medium-high intensities of the
first five orders of the basal reflection confirm the mag-
nesian character of this chlorite (less than 30 % Te
in octahedral coordination ace. to Brindley, 1961).
Based on the values recorded for the (001) spacing
(d(001)=14.24-14.27 A) and using the formula pro-
posed by Brindley (1961) in order to determine the
diagnostic value X (d(001)=14.55-0.29X), a X varia-
tion between 0.97 and L1.07 results. Correlating this
with the fairly small values of the ferromagnesian ra-
tio R=Fe®*: (Fe’t+Mg?t) inferred from the ferrous
oxide deficiency in the system, the study chlorite is
supposed to fall into the clinochlore field (0<R<0.2
and 0.9<X<1.2 : ley, 1954 fide Brindley, 1961).

Brucite [requently occurs in magnesian hornlels
from Pietroasa. In these rocks there are two distinet,
morphologically different varieties of brucite, which
may be summarized as follows:

— isolated lamellas in the carbonatic mass, similar as
regards their outline to those described by Carpenter
(1967) as products of dolomite decomposition without
periclase intermediary formation;

- small-sized lamellas as mixed radiary aggregates
brucite-serpentine or brucite-szaibelyite, representing
pseudomorphs alter orthosilicates (forsterite, humite)
or after kotoite (Marincea, 1992). " Onicn-skin”-type
textures have not heen observed, which point to the
periclase lacking in the primary paragenesis,

Minerals of
group are constantly found within the area of
this study. Their optical properties (low birefringence,
hardly visible pleochroism: colourless after n,, fairly
light greenish after n,) are common and make impos-
sible the discrimination of the mineral species. The
prevalence ol the negative optical sign, which char-
acterizes the alpha-serpentine, suggests, however, the
presence of lizardite I'T (Wicks, Zussman, 1975). The
occurrence of serpophite in almost all the serpentine
aggregates also indicates the lizarditic nature (Wicks,
Zussman, 1975 have also pointed out the equivalence
serpophite=lizardite I'T).

serpentine

The textural aspects (alpha-serpentine mesh and
hourglass textures, the former enclosing serpophite
centers or relics of forsterite or elinohumite) are simi-
lar with those defining the "type 3 retrograde serpen-
tinization” of orthosilicates (Wicks, Whittaker, 1977).

The crystallochiemical formula calculated for a ser-
pentine sample taken ofl from the Aleului Valley (sam-

ple 173 in Table 4) after the normalization on the basis
of 18 (O, OH) of its chemical analyses, is as f{ollows:
(Mgs.sa30Mng g5 Fephins Aloooto Tio.oors Kooz
Nayg,0116)(Siz 0334 Alo.0666 09,5408 )(O1)5.1592

The chemical peculiarities that can be inferred from
the above formula (sum of the octahedrally coordi-
nated cations amounts to 5.94; Mg®t and Si*t con-
tents close to those from the stoichiometric serpentine;
hydroxyl in excess versus the ideal formula; lack of
Fe?* and implicitly an infinite Fe3*:Fe?* ratio; high
Fe3t content) are those pointed out by Whittaker and
Wicks (1970) for lizardite.

The presence of lizardite at Pietroasa is also con-
firmed by the X-ray powder diffraction study. Most of
the serpentine samples taken off from the study area
show the characteristics considered by Whittaker and
Zussman (1956) as typical of lizardite: the presence
of a high intensity line at d=2.497-2.499 A; the ab-
sence of the strong “antigoritic” line at d=1.563 A
when common lines (e.g. the high-intensity lines at

d=2.524-2.530 A and d=7.27-7.30 A) are present; the

presence of a lines doublet at d=1.503-1.507 A and
d=1.535-1.537 A.

The thermal study points to the presence at
Pietroasa of an alphaclizardite sensu Caillere (1936)
fide Todor (1972). Thus, the endothermic peak that
marks the dehydration (recorded at 670°-690° C on
DTA curves and at 660°-682° C on DTG curves) is
followed by an exothermic peak recorded at 815%-820°
C on DTA curves, which points to a structural reor-
ganisation (Fig. 3). The mass losses corresponding to
dehydration, calculated on the basis of TGA curves,
vary between 13.82 and 15.29 %, being higher than
the one which corresponds to the dehydration of a
stoichiometric serpentine (12.9 %). This is compati-
ble with the HyO% supracompensation mentioned by
Whittaker and Wicks (1970) for lizardites.

A patite sporadically occurs in the Pietroasa
magnesian hornfels. Crystals with subhedral and lo-
cally anhedral, amoeba-like contours are disseminated
throughout the contact area. The characteristic fea-
tures point to the "hydrothermal transport” of the
mineral, within a process similar to that described by
Williams and Cesbron (1977).

Magnetite scarcely occurs at Pietroasa, indicat-
ing the ferric deficit of the system. In zones aflected by
the boron-metasomatism, magunetite is generally pseu-
domorphous after ludwigite, being found in association
with szaibelyite (Marincea, 1992). Otherwise, mag-
netite crystals are disseminated in the carbonate and
silicate mass.

Hematite generally occurs in martitic pseu-
domorphs after magnetite. Its presence has been con-
firmed by X-ray dilfraction. The main diffraction lines
are those at 3.67 A(1/1,=35), 2.69 A(100); 2.52 A(80),
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2.20 A(25), 1.839 A(35), 1.692 A(40) and 1.451 A(25).
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Fig. 4 T'hermal curves recorded for (alpha)-livardite samples

from Pietroasa magnesian hornfels.

3.2 Calcic hornfels

Zones with calcic hornfels locally occur in the mag-
nesian hornfels area. Generally, they are surrounded
by a diopside transition zone and maiuly contain as-
semblages of the following minerals: wollastonite, epi-
dote, calcite, apophyllite, apatite. This mineralogy
indicates an active fluorine-metasomatism and justi-
fies our attention. The premetamorphic rock seems to
be, in this case, represented by the grey limestones of
Lower Anisian age (Bordea, Bordea, 1973).

Apophyllite occurs as colourless crystals
with sizes after (100) and (010) up to 6 mm, which
are locally intergrown after (001). It was found on a
gallery waste on the Aleului Valley, at about 500 m
upstream the confluence with the Sebigel Valley. Wol-
lastonite relics in apophyllite suggest its genesis as an
alteration product of the former.

The crystal shapes are characterized by the wide
development of the basal pinacoid faces (001) which
determine their tabular habit. The tracht is marked
by the prevalence of tetragonal prisms (100) and (010)

St. MARINCEA

and of tetragonal bipyramid (111) forms (Fig. 4).

001
100 }-]1-}

Fig. 4. — Tracht of an apophyllite crystal from
the calcic hornfels in the Aleului Valley.

oo

The mineral shows normal optical properties. It has
a low birefringence with anomalous tendency (in grey-
brown hues), negative elongation, straight extinction
versus the (001) perfect cleavage and slightly negative
relief. The relatively high refringence (a medium value
for the refractive indices, obtained by the Schroder
method, is n=1.539) and the uniaxial positive char-
aclter indicates (acc. to Wenzel, 1917 fide Deer et al.,
1962) the presence at Pietroasa of a hydroxyapophyl-
lite (n,=1.543 and n,=1.542 for the end-member:
Dunn et al., 1978).

The erystallochemical formula determined on the
basis of the chemical analysis in Table 4 (sample
213) explains the typical optical behaviour. This for-
mula is: (Ko.g4ssNag 0334) (Caa2166Mgo 1680Mno 0o74)
(Siz.0024Alg.0074010.1540)2(OHo 5732 Fossze).  8H20,
pointing to the weak predominance of the hydroxy-
apophyllite moles (50.72 %) over the fluorapophyllite
ones (49.28 %).

The X-ray powder diflraction data on the mineral
(Tab. 8) also characterize an intermediary apophyl-
lite. This fact, inferred on the basis of the dis-
placement of the main diffractometric reflections to-
wards 20 values higher than those recorded for flu-
orapophyllite (as a result of the OH™—F~ substi-
tution), has been confirmed by the least squares re-
finement of the cell parameters. The obtained values
(ag=8.973 A and ¢q=15.769 A) are higher than those
recorded by Colville et al. (1971) for a fluorapophyl-
lite (ap=8.963 A and ¢y=15.768 A), but lower than
the ones recorded by Dunn et al. (1978) for hydrox-
yapophyllite (ag=8.978 A, ¢;=15.830 A).

Wollastonite wasfound as relics in apophyl-
lite. Wollastonite needle-like crystals (with sizes of
0.10-0.25 mm after b) are arranged as sheaves which
constitute bands inside apophyllite crystals, without
disturbing its optical continuity. These zones seem to
be due to some chemical variations in the primary wol-
lastonite aggregates (i.e. the differentiated presence of
Mg®t, Mn?* and Fe®* as substitutes of Ca?t). Be-
cause the main diffraction lines of the wollastonite are
superposed over those of apophyllite, the diagnosis of
the former was made on the basis of optical properties.
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Table 8

X-ray Powder Data for Pietroasa Apophyllite®

d/n (K)  7.83  6.32 4535 3.939 3880 3573 3.350 3.165 2.975 2.812
1/To 30 5 50 100 25 15 9 95 5
(hKI) (002) (110) (103) (004) (211) (212) (114) (220) (105) (214)
(101) (202) (213)  (204)
d/n (A) 2666 2490 2481 2426 2.185 2.107 2.103 2.004 1.770 1763 1.721
/1o 5 35 50 20 15 15 6 10 15 4
(hkI) (312) (313) (215) (116) (107) (315) (324) (420) (317) (510) (512)
(320)  (224)
d/n (A) 1671 1619 1.605 1.578 1546 1.470 1.453
/T 3 3 3 45 7 6 %
(hkl) (327) (209) (219) (441) (328) (602) 612)
(514) (337)

% Culls, A=1.5418 A; analyst C. Cristea, 1L.G.G.

Pietroasa wollastonite has a (=)2V angle of about 40°
and an extinetion angle (c:n,?) of about 30°.

Epidote occurs as isolated grains in the cal-
cic hornfels mass, pointing out, in all prebability, the
ferroaluminous excess in the system. The mineral has
been defined as epidote s.s. considering its negative op-
‘tical sign (acc. to Deer et al,, 1962). The high birefrin-
gence and refringence, the extinction angle (cm,=9-
11%) and the strong pleochroism (greenish yellow after
Ny, and yellow after n,) also indicate an epidote.

4. Mineralogy of the boron-metasomatized
areas

Ludwigite which has been reported by
Rafalet (1963), Stoicovici and Stoici (1969) and Mar-
incea (1992) from various zones of the Pietroasa con-
tact area (Aleului Valley, Céarpineasa Valley, Sebisel
Vallev), is a certain indicator of the boron metasoma-
tism nearby the banatitic body, Needle-like ludwigite
crystals of millimetric sizes occur in nodular or fan-
like aggregates which are generally disseminated in a
carbonate mass.

In transmitted light the mineral shows a practically
opaque behaviour, which points out the content of von-
senite (Winchell, 1959).
marginal translucent zones, where ludwigite is partly
substituted by szaibelyite, which shows a pleochroism
ranging from olive green to brown: the vibrational di-
rections could not be specified. The ferrous content.
was also confirmed by the chalcographic study. The
mineral has a strong bireflection in grey shades (light
grey after the elongation direction - bluish grey after
the other one), is anisotropic (in grey-brown tints) and
displays a reflectivity lower than the one of associated
magnetite. The main X-ray powder diffraction lines
that are those at 5.12 A(I/1p=100), 2.547 A(95), 2.163
A(35) and 1.995 A(30) confirm the optical diagnosis.

There are, however, a few

Szaibelyite was first mentioned by Stoicovici
and Stoicei (1969) at the confluence of the Sebisel Val-
ley with the Aleului Valley and was described in de-
tail by Marincea (1992). Its optical properties (refrac-
tive indices vary around the value n=1.65) and cell
parameters (ag=12.55 A, by=10.359 A, ¢;=3.215 A,
P=05.72 :&) point out the presence at Pietroasa of a
swaibelyite nearby the magnesian end-member. The
chemical analysis (Marincea, 1992) confirmed the low
percentage (0.37-0.42 %) of sussexite moles. The typ-
ical fibrous habit and the high birefringence (the min-
eral polarizes in colour belonging to the second half
of the fourth order) facilitates the microscopic diag-
nosis. The main X-ray dillraction lines are those at
6.73 A(1/To=100), 5.19 A(50), 3.25 A(50), 2.665 A(55),
2.432 A(60), 2.207 A(75) and 2.084 A(60).

5. Petrogenetic aspects

5. 1. Isochemical metamorphism

The acceplance ol an isochemical character for the
thermal metamorphism in the Pietroasa area is obvi-
ously based on the petrographic study of the premeta-
morphic rocks. The Anisian dolostones occurring in
the study area are similar in the aspect to those de-
seribed by Moore and Kerrick (1976) in the Alta aure-
ole (Utah) as "massive dolomite” (siliceous dolomites
with disseminated quartz grains). Considering that,
the development of most of the reactions in the sys-
temn CaQ-MgO-5104-150-COy can be presumed. The
relative abundance of the alloclasts of various mineral
nature (illite, sericite, chlorites, biotite, hydrobiotite,
microcline, plagioclase) leads to the appearance into
the system of two more important components (K,0
and AlO0z) as well as ol some "accesories” ("indif-
ferent”) and "isomorphous” (sensu Korzinskii, 1959
fide Melson, 1966) components: TiOs, NasO and FeO,
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FeaQg, MnO respectively. The acceptance within this
framework of an ideal petrogenetic scheme based on
experimental topologies, e.g. those shown in Figure 5
and Table 9, can be paragenetically proved.

St. MARINCEA

under conditions of high mole {ractions of carbon diox-
ide, as can be proved by the paragenesis forsterite +
diopside + tremolite (invariant A in Figure 5), implies
that water pressure differs from the total pressure and

[

: Table 9
The Main Reactions Defining Mineral Equilibria in the System CaO-MgO-KAIO2-510,-C0,-H,0

{reactions in Figure 5)

I

Reaction Equilibrium Fluid Relerence

No

1 dol4+H,O=cc+br+CO, H,0, CO,  Kerrick, 1970

2 dol=cc4per+CO4 CO; Kerrick, 1970

3 per+1:0=br H,O Johannes, Metz, 1968 fide
Kerrick, 1970

4 tr+43cetqz=di+ 12 04+CO; H20, CO2  Melson, 1966; Skippen, 1974

5 dol42¢2=di+CO2 CO, Melson, 1966; Skippen, 1974

] Sdol+8qz+H20=1tr4-3cc+7C0, H,O, CO;  Melson, 1966; Moore,
Kerrick, 1976

7 di+3dol=2o+4cc+2C0, CO, Skippen, 1974; Moore,
Kerrick, 1976

8 clh4cc+COy=dfo+dol4H,0 H,0, CO;  Moore, Kerrick, 1976

] Zelh+13dol+11C 0O =tr+15cc+,0 H, 0, CO;  Moore, Kerrick, 1976

10 3dol+4qz4+H,O=tc+3cc+3C0, H,O, CO;  Moore, Kerrick, 1976

11 2e+3ce=tr+dol+H, 04+ CO, H20, CO;  Moore, Kerrick, 1976

12 tr4-dce=4di4+dol+C0O+H,0 H,0, CO;  Moore, Kerrick, 1976

13 di4 11, 043C0,=8{o+13cc+9C0,+H.0  H,0, COz  Moore, Kerrick, 1976

14 Sph4-6eed24qr=3tr45KF4+2H,0+6C0,  H,0, CO;  Hoschek, 1973 (extended data)

15 Ho+3H:0=se+br H,O Johannes, 1969

16 se+2qz=tc+11,0 H,0O Jolannes, 1969

* Melson’s (1966) argumentation for considering K20 as KAIOs was accepted.,

The prograde isograde sequence in the Pietroasa
dolomite scems to be of: tale-brucite I-phlogopite-
tremolite-diopside-lorsterite—spinel-chondrodite— cli-
nohumite type. The retrograde metamorphism, whose
products are essentially hydrous minerals (e.g. ser-
pentine, brucite 1), broadly coincides with the hydro-
metasomatism in the final evolutional stage and im-
plies high mole fractions of water.

There are two peculiarities which differentiate the
Pietroasa topologies from the "classical” ones proposed
by Moore and Kerrick (1976):

I. The presence of AlbQOs. The local
abundance of magnesian chlorites, biotite or hydrobi-
otite can explain the thermometamorphic genesis of
the spinel, which is almost always found in associa-
tion with forsteritettalc. This assemblage suggests
a breakdown reaction of the type: 5 clinochlore = 7
forsterite 4 5 spinel 4 2 tale + 18 11,0 (Segnit, 1963).

The metastability of the tale + spinel assemblage
at high water pressures (Faweett, Yoder, 1966) would
make impossible such a reaction. However, the de-
velopment of the reactions within this thermal range

does not exclude the coexistence of two phases.

2. Thepresence of K30 seems to be due both
to the presence of some alloclasts of potassium miner-
als (i.e. potassium feldspar, illite, sericite, biotite) and
to the authigenesis of the potassium feldspar in- certain
zones inside the Anisian dolostones mass. It is to be
noted that the K40 content of these dolostones varies
between 0.02 and 0.17 per cent. Hence, there results
the occurrence of phlogopite both in layered hornfels
similar to those described by Melson (1966) as prod-
ucts of the isochemical metamorphism of some argilla-
ceous beds interlayered with dolomite, and in isolated
blasts in the magnesian marbles.

5.2. Boron-fluorine metasomatism

The presence within the Pietroasa contact area of
some minerals which probably have fluorine contents
(e.g. chondrodite, clinohumite, clinochlore, tremolite,
tale, apatite) beside those whose contents have already
been mentioned (phlogopite, apophyllite), points out
the active role of the fluorine metasomatism during the
mineralogenesis, as well as its continuity within a wide
thermal interval.
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The instability of the first-formed hydroxyl-bearing
minerals (e.g. tale, tremolite), as a result of the fluo-
rine presence in the system (Tell, 1972), originates in
their low capacity to admit fluorine as a hydroxyl sub-
stitute (Troger, 1959; Moore, Kerrick, 1976). Hence,
the possibility of the tale-chondrodite and tremolite-
clinohumite prograde conversion, within reactions sim-
ilar to the experimental ones outlined by Tell (1972):

1 tale + 7 dolomite + 2 fluorite = 2 chondrodite +

9 caleite + 5 CO» + 1 H,0

1 tremolite + 13 dolomite + 2 fluorite = 2 clinohum-

ite + 17 calcite 4+ 9 CO» + 1 H20

The presence of fluorite as a perfect mobile con-
stituent of the fluid phase (Turner, Verhoogen, 1960)
brings about a decrease of the OH activity in the
hydroxyl-bearing phases. Thatl certainly determines
the shifting of the experimentally-determined equilib-
ria in Figure 5, without changing the trend of the T-X
curves (Moore. Kerrick. 1976).

Ptiuig = 1kbar

900

Wo%o’zmmo’sdsd.?

ST
Iig. &
ing the mam mineral equilibria in the system CaO-
MgO-AlyOa-K2 0-58i05-H, 0-CO (reactions from Ta-
ble 4).  Abbreviations: Br=brucite; Ce=calcite;
Chl=clinohumite; Di=diopside; Dol=dolomite;
Fo=forsterite; KF=potassium feldspar; Per=periclase;
Ph=phlogopite; Qz=quartz; Se=serpentine; Te=talc;
Tr=tremolite.

I N, diagram, at Ppe=1kh, imply-

The physico-chemical conditions for the boron meta-
somatism have been presented in a previous paper
(Marincea, 1992). It results that the conditions con-
sidered by Barsukov and Egorov (1957) fide Marincea
(1992) as essential for the crystallization of the endo-
gene borates have been fulfilled:

1) the interaction with the mass of dolomite deter-
mines the precipitation of boron, which is probably
transported by the alkaline solutions as boron-fluorine
compounds;

2) iron is the primary precipitant of boron, ludwigite
being the first-formed boron mineral. Its deficit in the
system makes possible the synchronous crystallization
of the pure magnesian borates (e.g. fluoborite, suanite,
kotoite) which are later substituted by szaibelyite.

The breakdown of fluoborite because of its szaibly-
tization (Marincea, 1992) releases fluorine, easily to be
found in the late phases of apophyllite type.

5.3. Physical conditions of thermometamor-
phism

5.3.1. Temperature

The absence of periclase among the breakdown
products of dolomite indicates for the prograde meta-
morphism maximal temperatures below the periclase
isograde (reaction 2 in Figure 5). These tempera-
tures are, undoubtly, close to those of the granodioritic
magma: 750° C at 1kb total pressure ace. to Turner,
Verhoogen (1960). There are many mineralogical ar-
guments which demonstrate such a maximal prograde
l.emperat.ure:

1) the presence of wolastonite in the calcic hornfels
area;

2) the absence of minerals which commonly occur
in silica-deficient associations metamorphosed in py-
roxene or sanidinite hornfels facies, e.g. monticellite,
melilite ete.

3) the presence throughout the contact area of 2M;
phlogopite and not of polytypes 3T or 1M of this min-
eral, more stable at higher temperatures (Yoder, Eug-
ster, 1954);

4) the relative small lattice parameter of the spinel
and the trend of its infrared absorption spectrum,
which clearly differs from the one obtained by Datta
and Roy (1968) after heating MgAl,O4 at 880° C
(Fig. 2).

The occurrence in the study area of fine-grained
dolomite which is clearly the result of exolution from a
high-magnesian calcite after cooling (Goldsmith, 1960)
indicates that MgCQs concentrations in the carbon-
ate solid solution was initially higher. That is consis-
tent with prograde temperatures higher than 500° C,
at which calcite dissolves only about 5 mole per cent
magnesite (Goldsmith, 1960).

The lower thermal limit for the prograde mineraloge-
nesis in the Pletroasa contact area seems to correspond
to the lower stability of talc (reaction 10 in Figure 5,
acc. to Johannes, 1969).

5.3.2. Pressure

It is reasonable to consider that, during thermal
metamorphism, the rapid reerystallization beside the
devolatilization reactions can maintain the volatile
pressure at a level which is sensibly equal to the litho-
static pressure. Therefore, the pressure estimation
considering a system closed for the volatile phases is
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reduced to the estimation of the lithostatic pressure. It
is obviously higher than the minimum value of about
150 bars which was inferred based on the amount of
the actual cover (Anisian-Liassic deposits with a mean
density of 2.6 gms/ce). As far as considerable erosion
occurred between the intrusion of the Pietroasa gran-
odiorite and till the present and the regional tectonics
was also changed, a value of about 1 kilobar was prob-
ably attained at the present level of exposure. This
value was moreover considered when the equilibria in
Figure 5 were established.

5.3.3. Eh and pll evolulion

The low fugacity of Os between the final stage of
the prograde metamorphism, due to the dxidation re-
actions of the organic impurities in the Anisian dolo-
stones, obviously determines a reducing Eh. This fact
is proved by the presence throughout the magnesian
hornfels of the poor pleochroic varieties of chondrodite
and clinohumite which crystallize under negative Eh
conditions (Deer et al., 1962). During this stage the
fayalite content in olivine i1s supposed to have been
higher than the present one. The increase of the oxy-
gen fugacily as a result of the devolatilization reac-
tions at high temperatures probably led to the oxida-
tion of the fayalite present in the solid solution. This
transformation can be approximated by the reaction
3Fe?t(Si04) + 0y = 2Fe*Fe3T04 4 3810, (Nitsan,
1974) and is proved by the small inclusions of mag-
netite in the silicate mass.

The retrograde metamorphism led to the progres-
sive setting of an oxidizing Eh, which determines the
lizarditic nature of serpentine and the martitization ol
magnetite, Negative Eh is maintained only in the areas
affected by the boron-fluorine metasomatism (Marin-
cea, 1992).

The pH evolution from low alkaline to acid has been
influenced, during the prograde metamorphism, by the
increase of the carbon dioxide mole fraction as a result
of the breakdown of carbonates. Most of the reactions
which occurred in the aureole evolved a CQOs-rich fluid.
Later, the hydrometasomatism induced by the norinal
evolution of the granitoid body, progressively led to
a basic pll on the full extent of the contact aureole.
It could explain why the retrograde metamorphism is
mainly hydratant.

6. Conclusions

Most of the mineral assemblages in the Pietroasa
contact area characterize silica-deficient magnesian as-
sociations (Turner, Verheogen, 1960). In these associ-
ations, poorly aluminous, iron is reduced to an “iso-
morphous component” (Korzhinskii, 1959 fide Melson,
1966). The prograde temperatures nearby the gran-
itoid contact correspond approximately to those esti-
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mates for the hornblende-liornfels facies (Turner, Ver-
hoogen, 1960). Arguments in this respect are:

1) the estimation, in case of the calcic hornfels in
the contact area, of a maximum temperature at the
wollastonite isograde, according to this mineral occur-
rence in the inner contact zone. Its presence requires
moderate pressures of CO2. The lack of periclase from
the Pictroasa magnesian hornfels can signily both the
inversion proposed by Turner and Verhoogen (1960)
of stage 5 in Bowen’s series (periclase) with stage 6
(wollastonite) and higher water pressures;

2) the presence of some of the fypical associations
e.g. the forsterite-tremolite-diopside (which marks
the invariant point A in igure 5), forsterite-brucite-
spinel-diopside and forsterite-tale-clinochlore ones.

Other associations, e.g. calcite-tale-dolomite or
calcite-tremolite-dolomite, certify that in the "cold”
zones of the aureole (far from the contact) the tem-
peratures correspond to those estimated for the albite-
epidote hornfels.

The temperature differences between various loca-
tions in the contact aureole facilitate the movement of
the "perfectly mobile” components e.g. 2,0, CO,, F,
which explains the hydrothemal migration of apatite.
The boron-fluorine supply in the metamorphic fluids
locally determines an intense diffusion metasomatism,
resulting in the borate crystallization in the sequence
ludwigite-fluoborite (7)-suanite (7)-kotoite (Marincea,
1992).  Somewhere the large extent of the boron-
metasomatism is compatible only with an infiltration
mechanism, tectonically controlled.

The generates  hydroxyl-
bearing minerals e.g. brucite I, lizardite, szaibelyite,
which are generally superposed over the primary as-
sociations. A thermal interval ranging between 275°
and 350° C can be accepted for the crystallization of
these minerals (Marincea, 1992). The subsequently-
crystallized minerals (goethite, lepidocrocite) have not
been deseribed in the paper.

retrograde  evolution
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MARINCEA ST. - MINERALOGY OF MAGNESIAN HORNFELS AT PIETROASA

Plate I

Fig. 1 - Forsterite with alpha-serpentine rims in the carbonate mass. Crossed nicols, 20 x.

IFig. 2 - Polysynthetically twinned clinohumite beside calcite and forsterite. Crossed nicols, 10 x.
IMig. 3 - Detail of the image in Figure 2, Crossed nicals, 20 x.

IYig. 4 - Spinel crystals vimmed by forsterite. Crossed nicols, 20 x.

IFig. 5 - Incipient pseudomorphs of serpentine after forsterite (prolo mesh-texture). Crossed niclos 20 x.
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MARINCEA S§T. - MINERALOGY OF MAGNESIAN HORNFELS AT PIETROASA

Plate 11

Fig.1 - Serpophite rimmed by alpha-serpentine, psendomorphons after forsterite. Crossed nicols, 20 x.
Fig. 2 — Serpentine mesh-texture with relict forsterite centers. Crossed nicols, 20 x.
Fig. 3 - Brucite (br) beside a szaibelyite-brucite intergrowth (sz+br). Crossed nicols, 20 x.

Fig. 4 = Phlogopite with brucite inclusions surrounded by the carbonate mass. Crossed nicols, 10 x.
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URANIUM MINERAL OCCURRENCES IN THE CRYSTALLINE SCHIST
AREA OF THE DROCEA MOUNTAINS

Haralambie SAVU
Institutul de Geologie si Geofizicd. Str. Caransebes 1, 78 344 Bucuresti 32.

Key words: Uranium minerals. Crystalline rocks. Apuse.ni Mountains - Drocea Moun-
tains. ’

Abstract: There are two types of uranium concentrations in the crystalline schist area
(Pdiugeni Series) from the Drocea Mountains: primary and secondary. A primary con-
centration occurs in a feldspathic quartzite on the Picuriresti Brook. It is lenticular and
consist of partly disintegrated pitchblende, giving rise to a black-greyish to brown-reddish
earthy material. The uranium lenses contain chalcopyrite bands in the median part.
The secondary concentrations occur on the unconformable plane between the Senon-
ian sedimentary deposits or Neogene volcanics and the Paleozoic crystalline schists of
the Piiuseni Series. Uranium was carried away in aqueous solution from the Paleozoic
crystalline schists and deposited in these secondary concentrations. The latter contain
uranium oxides and especially autunite and torbernite, minerals present also on the fis-
sures crossing the uranium primary concentrations.

Introduction

In 1956 1 was charged by the Geological Committee  schists of the Paiugeni Series in the region are pre-
with the task of mapping on scale 1:10,000 the crys-  sented (Fig. 1)
talline schists zone from the Drocea Mts, where the
Rare Metal Enterprise had pointed out with the help of
the Geiger-Miiller counters uranium mineralizations.
and therefore needed a detailed geologic map. [ car
ried out this task during the field work of that year
(Savu, 1956, unpubl. data) together with a team ol

L

geologists, the componence of whwia changed during x X Xl
that period, and published subsequently a paper on
the crystalline schists in the region (Savu et al., 1967).

During the field investigations I noticed a uranium ——
mineralization on the Pacuriresti Brook at the springs
of the Prundu Valley (Paiugeni), that occurred in a Birzava I 5
ditch made by the mentioned enterprise. This min- \ |
eralization as well as some similar exposures in {he ) 6
region were again investigated in the next years in 0 10 20km
view of drawing up the papers that occurred subse- . ' . : . o U7
quently (Savu, 1962; Savu et al., 1967), but owing to
some unfavourable circumstances I gave up then pub- I iial_- ! }" I'-'mi"l"r"!il"'t"r'l] E;:"Hl'i'*‘l{;‘fh‘ '!111 Lfl’l; crys-
lishing the results of my investigations, mentioning in- L('I::': :}" 1:('[“::1:""] ::;;;I:; 3[.“-"\:=::=#I,'frll1:- ‘_Gican;;ze?
stead the presence of the feldspathic quartzites on the oveitharust plavey S NadugLalusing Bault, G potrnaey
Picurére@i BTOOk, which were 1I'npregnat.cd with cop- uranium concentration; 7, secondary uranium concen-
per minerals, iron oxides etc (Savu, 1962). tration.

In this paper the occurrences and the physiographic
aspects of some uranium minerals from the crystalline
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Petrographic Constitution of the Piingeni
Series and Uranium Mineral Occurrences

The Paleozoic Paiugeni Series (Savu, 1962) lies un-

conformably over the Precambrian Madrizesti Series.
In the Drocea Mts it consists of three characteris-
tic complexes of epimetamorphic crystalline schists,
Balintoni (1986) considered the three complexes of
the Piiugeni Series (sensn Savu, 1962; 1965) as three
metamorphic series of various ages, in tectonic rela-
tions, so that the normal geological boundaries be-
tween complexes and some faults in the region became
overthrust planes; even the stratigraphic unconformity
between the Paleozoic Paiugeni Series and its hase-
ment — the Precambrian Midrizesti Series — became
also an overthrust plane. The lower complex devel-
oping in the northern part of the region consists of
alternations of quartzites and metaconglomerates of
various types, with rare interbeds of sericite-chlorite
phyllites, in places also of tholeiitic metabasalts of in-
traplate type (Savu, Tiepac, 1982) and of crystalline
limestones!. The median complex which is present
only in the western part of the Drocea Mts and in the
Highis Mts consists ol basalts and basic tulls metamor-
phosed at the level of the ehlorite isograde (Savu, 1965;
Savu et al., 1967), as in the rest of the Paiuseni Series,
Metadolerite sills and some rocks resembling metamor-
phiosed gabbrodolerites are rarely encountered. The
upper complex is prevailingly metapelitic-phyllitic, but
it frequently contains quartzite, metabasalt (metatuff)
and more rarely metaconglomerate interbeds. Both in
the median complex, the metavoleanic one, and in the
upper complex, porphyroid rocks (metarhyolite) in-
terbeds are encountered, pointing to the himodal char-
acter of the intraplate type volecanism.
_ The Paleozoic (Silurian-Lower Carboniferous) age of
the Paiugeni Series is supported also by the spore as-
sociation determined by V. lliescu in samples collected
by me throughout the crystalline schist zone from
the Drocea Mts consisting ol:  Veryhachivm brevil-
rispinum, V. Trispinum, Protoleiosphaeridivm parvi-
granulosum, P. microgramifera, P. papillatum, Pro-
tolet sphaeridium sp., Leiosphaeridium sp., Hysirichos-
phaeridium sp., Lagenvehitina sp.

In the western part of the Drocea Mis crystalline
zone the three metamorphic complexes are crossed
by the intrusions of the Birzava alkaline masif (Savu,
1965).
grade increases to the biotite isograde due to the influ-
ence of the synkinematic contact metamorphism, giv-
ing rise to biotite contact schists (hornfels) of a schis-
tose texture that are often impregnated by tourmaline

Round these intrusions, the metamorphism

Pand and Ricman (1988) considered the metaconglomerates
from the Piiugeni Series as laminated granites, in their opin-
ion, the pebbles in these rocks representing quartz exudation
products.

H. SAYU

crystals.

The intermediate complex of the basic velcanics is
lacking in the central and eastern parts of the Drocea
Mts crystalline, there existing a direct passage from
the lower to the upper complex. In the crystalline
schists from the fransition zone there occur, however,
intercalations of tholeiitic metabasalts (metatuffs),
chloritoid graphite schists and quartzites, among
which the feldspathic quartzites of the P#curiresti
Brook type, tributary of the Prundu Valley (Paiugenti),
are characteristic. This leldspathic quartzite level has
a maximal apparent thickness of 10 m, trending ap-
proximately northeast-southwesti, as in the rest of the
Paiuseni Series, slightly dipping south-eastwards. In
this quartzite interbed there occurs a conformable and
discontinuous level consisting of short lenses (Fig. 2)
with uranium mineralizations reaching maximum 5 ¢m
in thickness. Tn the median part these uranium lenses
present thin chalcopyrite bands. On the fissures cross-
ing the feldspathic quartzite intercalation perpendicu-
larly to its direction, there formed uranium micas de-
positions, such as autunite and torbernite which are
bright-coloured.

ENE

W SW

Primary uranium concentration in a felds-
pathic quartzite on the Picurdregti Brook (left
bank). I, feldspathic guarizites; 2, phyllites; 3,
uranium mineral and chalcopyrite lenses; 4, fis-
sures on which uranium micas deposited.

Fig. 2

It is worth mentioning the fact that at a certain dis-
tance from the exposure of the uranium deposition, the
feldspathic quartzite intercalation is crossed by thin
grey quartz veins with rare chalcopyrite and bornite
nests, in places with hematite plates, as it is the case
in the rest of the Paiugeni Series (Savu, 1962).

If the above deseribed level with uranium mineral-
izations is considered 1o represent a primary uranium
concentration, at the expense of which there formed
secondary minerals, in the crystalline schist area from
the Drocea Mts, some other occurrences, in which sec-
oundary uranium mineral concentrations formed, are
also to be found. Thus on the contact between the
crystalline schists of the Piiiuseni Series and the lower
(red) complex of the Senonian deposits on the south-
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ern rim of the crystalline, there formed secondary au-
tunites, niore rarely torbernite and uranium oxide de-
positions on the Dupla Brook at Slatina de Mures and
north of Birzava. Autunile crystal depositions were
also noticed in a short gallery carried out at the base
of the Neogene andesite pyroclastics that overlie the
Paingeni Sertes to north-west of the locality of the same
name.

Mineralogical Aspects of the Uranium
Concentrations

It results from the above presented data that there
are primary, lenticular and secondary uranium con-
centrations in the Drocea Mts. The primary minerals
ol the first type ol concentrations are represented by
pitchblende associated with chalecopyrite. Pitehiblende
is a black, strongly radioactive amorphous UOs-UO4
uranium oxide. It partly weathered, becoming earthy,
black-grayish, in places brown-reddish. These aspects
point to what is known as nesturan or uranium black.
Through alteration it grades to uranium micas in Lthe
alteration zone of the primary deposit.

Chalcopyrite forms sometimes a thin band, usually
in the median zone of the lenses with uranium min-
erals. It appears as patches. Malachite forms at its
expense. Azurite seldom oceurs. During the alteration
process, in the oxidation zone, where uranium lenses
are to be found at present, chalcopyrite furnished the
Cu ions that take part in the torbernite composition,
a mineral present in the occurrence.

The secondary uranium minerals of the uranium
concentrations in the Drocea Mts are represented by
autunite and torbernite (uranium micas) pregent both
in the primary uranium depositions zone aud in the
secondary ones in the base of the Senoman deposits
and of the Neogene andesitic pyroclastics, the former
mineral being the more frequent. Autunite is a hy-
drated uranium and calcium phosphate, some other
alkaline (Na, K, Ba) and metallic (Mn, Cu, Ni, Pb) ele-
ments being possibly collected instead of these cations.
It appears as scaly, micaceous masses consisting of
thin, yellow lamellae with cleavage alter 001. It is
pleochroic Ng = Nm = golden yellow; Np = slightly
vellowish.

Torbernite is a U and Cu hydrated phosphate, emer-
ald green in colour. It appears as tabular crystals from
the tetragonal system, with cleavage after 001. Its
pleochroism is as follows: Ng = greenish yellow; Np
= light green.

Origin of Uranium Concentrations

According to their position, the lenticular uranium
concentrations appearing conformable in the felds-

pathic quartzite intercalation are thought to be pri-
mary and to have formed by sedimentary or voleano-
sedimentary processes. Their presence in the felds-
pathic quartzite inercalation suggests that they de-
posited under arid climate conditions. The primary
uranium deposition took place in the miogeosyncline,
in the marine environment, probably in the form of a
powder of iranium oxides and iron and copper sulfides
that used to impregnate the feldspathic sandstone.
Due to the regional metamorphism manifested at tem-
peratures of about 300° C (Savu, 1965), the feldspathic
sandstone graded to quartzite, and the urguium oxide
and sulphide powder became compact, namely recrys-
tallized n pitchblende and chalcopyrite patches. The
former mineral disintegrated in the course of time,
passing partially to the black-greyish earthy mass.
Subsequently the uranium micas formed at the expense
of the uranium mineralizations due to the alteration
processes from the oxidation zone. ‘

The secondary uranium mineral accumulations in
the base of the Senonian deposits and of the Neogene
pyroclastics formed by the washing of the primary ura-
nium depositions, such as the one on the Picuriresti
Brook, by the meteoric waters, and its deposition on
the contact plane between the mentioned geological
formations. This process took place in a warm and
humid atmosphere. It was pointed out by the fact that
uranium is quite mobile under the supergene alteration
conditions and that it occurs in reduced concentrations
in several types ol rocks from the crystalline schists
of the Piaiugeni Series, but especially in metaconglom-
erates and metasandstones bearing carbonate-ankerite
cement. Obvious radiometric anomalies occur on these
rocks.  Also, the washed uranium from the primary
concentrations and transported in the supergene alter-
ation conditions is often deposited on the fault planes,
on which the meteoric waters infiltrate. These faults
produce strong excitations in the detecting apparata.

The fact that the crystalline schists in the Drocea
Mts, placed by me in the Paiugeni Series, contain sim-
ilar uranium concentrations, proves once more that
they form a single Paleozoic metamorphic series.
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IL’OCCURRENCE DE CELESTINE D’IVANCAUTI (LA PARTIE
SEPTENTRIONALE DE LA PLATE-FORME MOLDAVE)
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Abstract: Celestine Occurrence al Ivdncdufi (North of the Moldavian Platform). The
chemistry of the celestiniferous limestones, crystallography, chemistry and certain growth

particularities of celestine and the fluid inclusions of this mineral are presented. Stron-
tium redistribution and celestine formation have taken place subsequently to the diage-

netic process.

La présence de la célestine dans la partie septentri-
onale de la plate-forme moldave a été signalée pour
la premiére fois par Pomarleanu et al. (1992). Elle
a été identifiée dans les puits et les dérochements
réalisés pour 'exploration et la prospection du gypse
et emplacés au pied du versant septentrional de la
colline de Grumazu d’lvanciuti. La célestine décrite
se présente sous forme d’agrégats de cristaux minces
(submillimétriques) transparents, associés a la calcite
dans de petites veines des calcaires compacts. Ceux-ci
reposent sur un lit de gypse. Les deux formations sont
attribuées au Badénien.

Dans cette note on présente une série de données
suplémentaires concernant le chimisme des calcaires a
célestine, la cristallographie de la célestine, ainsi que le
chimisme de la célestine proprement-dite. On présente
aussi quelques particularités de croissance, ainsi que
de la genése de la célestine.

1. Le chimisme des calcaires célestiniferes

A cause du contenu tres élevé en strontium (16,5
a 20,1 % SrO) le calcaire compact a célestine a été
nomé par nous, antérieurement, "horizon a célestine”
(Pomarleanu, in Lupu et al., 1988, données nonpubl.).
Les investigations de détail effectuées ultérieurement
dans le terrain ont indiqué que la minéralisation a
strontium, représentée par la célestine, se trouve yon
seulement dans les calcaires compacts, mais aussi dans

ceux poreux el a cavernes, les deux situés au-dessus de
la formation gypsiféere & anhydrite.

Tous ces types de calcaires se caractérisent par un
chimisme semblable.

Le tableau 1 présente quelques analyses sur les cal-
caires compacts et poreux (a cavernes) d’Ivanciuti
parallelement aux analyses des certains calcaires, sim-
ilaires & célestine, des environs de la ville de Hotin,
cités par Lazarenko et Slivko (1958).

Les analyses effectuées sur les échantillons bruts
prélevés de I'horizon a célestine d’lvancauti (qui en-
globe aussi les petites veines a célestine) ont signalé
des teneurs entre 16, 5 et 20,1 % SrO. Pour les analy-
ses présentées dans le tableau 1 nous avons essayé de
choisir, dans la limite des possibilités, des échantillons
dépourvus de veines a célestine, pour pouvolr expli-
quer la genése de la célestine. Aux calcaires compacts a
célestine d’'Ivanciuti on remarque de petites variations
de la silice (0,60 & 0,98 % SiO3). On note des varia-
tions remarquables pour le strontium (3,97 & 11,90 %
Sr0).

Le calcaire compact de Hotin a la méme composition
que celui d’lvanciu{i, mais des teneurs plus réduites
en SrO. Au contraire, la teneur en strontium des cal-
caires poreux de Hotin est plus élevée (5,10 % SrO
échantillon 2, jusqu’a'30 % SrQ) par rapport aux cal-
caires du méme type de Grumazu (0,54 % SrQ). La
teneur élevée en SrQ des calcaires poreux de Hotin est
relevée par les analyses eflfectuées sur des échantillons
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Tableau 1
Composition chimique des calcaires célestiniferes d’Iviinciuti et de quelques calcaires

similaires des environs de la localité de Hotin

Calcaire compacte Calcaire poreux
Composants IvincRuti™ Hotin® | Ivincduti | Hotin®
Puits 1 Puits 11 Puits |
4548 | 4551 | 67 i 74 F
510, 0,98 060 0,60 1,41 458 1,20
Al Og 0,74 0,33 0,45 - 2,17 -
Fes Oy 0,20 0,14 0,38 - 0,42 -
MnO 0,46 0,23 0,25 = 0,31 .
MgO 1,66 1,72 272 0,14 0,61 0,68
Ca0 52,01 47,57 41,89 52,52 46,02 48,16
BaO n.d. n.d. n.d. 0,76 n.d. E
SrO 1,57 397 11,90 1,62 0,54 5,10
CO; 41,05 6,12 32,86 41,.16 34,27 38,59
S0, 1,22 3,07 9,23 1,16 1,35 4,31
Total 99 89 90,11 100,36 99,37 90,07 99,19

* Vigjikovskii (1925) - cité par Lazarenko et Slivko (1958).

¥ Les analyses ont été eflectuées par Popescu Carmen, 1LP.G.G., Bucuresti.

bruts comportant de la célestine en géode.

2. La cristallographie de la célestine

Dans le complexe de calcaires compacts a célestine
a des traces fines de Miliolidés d’Ivancauti, la célestine
se présente sous [orme d’agrégats de cristaux fins sub-
millimétriques associés parfois a la calcite, disposés en
veines et filons petits (pl. I, fig. 1). Les cristaux sous
forme de colonne arrivant jusqu’a 2 c¢cm se trouvent
aussi dans les petits filons des calcaires compacts (pl.
I, fig. 2). Les cristaux tabulaires et fibreux-radiaires
de célestine se trouvent dans les vides des calcaires
poreux et a cavernes (pl. I, fig. 3, 4).

Beaucoup de cristaux sont dépourvus de forimes
cristallographiques (faciés) bien développées. Ce fait
s'explique par la présence de plusieurs germes de
cristallisation, qui ont formé, en général, des agrégats
compacts a de pelils eristaux. On a rencontré
95 cristaux long prismatiques pour lesquels on a
déterminé les suivantes -formes:

c{001}; o{011}; r{015}; d{102}; 1{104}; m{110};

Les formes susmentionées présentent:

1. des cristaux prismatiques (fig., cristal 1) selon
Paxe cristallographique "a” avec le symbole (selon
Chudoba, 1930)

A4[100] (axial selon Paxe cristallographique "a” avec
la zone dominante [100]

2. des cristaux prismatiques allongés selon Paxe
cristallographique ”b” avee le symbole A,[010] (fig.,
cristal 2).

Pour les cristaux tabulaires et lamelaires du calcaire
poreux on a déterminé aussi les formes r{015} et 1{104}
représentées dans la figure (les eristaux 6 et 7).

|

,

Figure  Des formes de cristaux de célestine de la colline de
Grumazu (Ivaneduti). 1, 2, 3, 5, cristaux long prismatiques
dans les petites veines et les géodes de calcaires compacts; 4,
G, 7, eristaux tabulaires et lamelaires dans les calcaires poreux
el caverneux.
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Les cristaux tabulaires allongés selon 'axe cristallo-
graphique ”a” sont caractérisés par les suivants sym-
boles: Pb(lggJ[UIO} [100], aplatisé selon (001), allongé
selon "b” avec les zones dominantes [010] et [100].
Les formes, les symboles et les indices des [aces des
cristaux de la célestine sont présentés dans le tableau

2.

Tableau 2
Les principales formes des cristanx de c¢élestine

d’Ivincinti
ME. el | Forme | Symbole | Indice
1 Pinacoide C {001}
2 Prisme ord. | ) {011}
3 Prisme ord. 11 d {102}
4 Prisme ord. 11 I {104}
5 Prisme ord. [l r {105}
6 Prisme ord. Tl m {110}

3. Bandes de croissance

Les cristaux tabulaires et surtout ceux fibreux-
radiaires ont des bandes de croissance visibles au
binoculaire ou & loeil nu (pl. I, fig. 1). Celle-ci
compotent des bandes rectilignes, paralleles, opaques
et lumineuses en alternance, a des épaisseurs variables.

La formation des bandes de croissance dans les
cristaux a ¢té expliqué par plusieurs mécanismes,
analysés et critiqués par Roedder (1969). De tous
les huit mécanismes, seulement la périodicité annuelle
dans les conditions de croissance pourrait expliquer,
de maniére plausible, 'origine de ces bandes. La for-
mation des bandes & composition (teneur en Ba) et in-
dices de réfraction différents pourait étre due a la dilu-
tion des solutions relativement chaudes ou la célestine
avait cristallisé (selon 'étude des inclusions fluides de
ce minéral) avec les eaux supetficielles qui ont varié
dans la composition d'un cycle annuel & un autre. Con-
sidérant ce mécanisme on a estimé qu’un cristal long de
10 em s’est formé pendant 10.000 ans approximative-
ment (Roedder, 1969). Pour une telle croissance les
vitesses d’écoulement sont trés lentes. Tenant compte
des données de la solubilité SrSO4 présentées par
Blount et Dickson (1968), cités par Roedder (1969),
on aprécie que pour la formation d'un tel cristal a été
nécessaire la circulation d’approximativement un litre
de solution par an.

Si on prend en considération tant la présence de
quelques cristaux perfects de célestine, aussi bien que
la distribution linéaire des bandes a des diflérentes
épaisseurs, il parait que la formation des bandes de
célestine d’Ivanciuti (similaire & la célestine de Clay
Center, Ohio, déerite par Roedder, 1969) a eu lieu

49

sous 'influence de la périodicité annuelle du milieu de
croissance. De telles bandes sont visibles aussi dans la
célestine de Baciu (Transylvanie).

L'étude des bandes annuelles de croissance peut
nous fournir des données quantitalives assez utiles
pour D’explication des processus diagénétiques, ainsi
que du régime paléohydrodynamique de précipitation,
non sculement de la célestine que d’autres minéraux
aussi de la série d’évaporites (sels, gypses, anhydrite
ete.).

4. Inclusions fluides

Tenant compte de la transparence trés accentuée,
I'analyse des inclusions a été éffectuée sur des cristaux
individuels, On a évidentié des inclusions flu-
ides syngénéliques (primaires) et épigénétiques (scc-
ondaires). Les deux sont monophasiques liquides a la
temipérature du milieu d’observation.

I'n général les inclusions primaires ont la forme de
cristal négatif ou au moins allongées (pl. 11, fig. 2).
Celles secondaires se trouvent le long des fissures et
parfois sent étranglées. Le degré d’étranglement differe
d’un cas a l'autre; on remarque des étranglements com-
plets quand une inclusion se sépare en deux inclusions,
ou des étranglements partiaux qui conduisent a la for-
mation d’un capilaire qui lie deux inclusions (pl. II,
fig. 3). Les inclusions fluides similaires sont présentes
ausst dans les cristaux de célestine de Baciu (Transyl-
vanie)(pl. 11, fig. 4).

L’absence de la phase gazeuse pour les types d'inclu-
sions impliquent des températures d’homogénéisation
(remplissage) trés basse, 50° C environ (Sabouraud et
al., 1980).

Fréquement, dans les cristaux de célestine, a coté
des inclusions primaires dispersées, apparaissent des
intersections de planes d’'inclusions fluides secondaires,
fait qui confirme que la célestine a subi, en temps,
des fissurations intermitentes pendant des périodes
différentes. Le long de ces fissures ont circulé des solu-
tions qui ont dépdsé des inclusions secondaires appar-
tenant a plusieurs générations (pl. 11, fig. 5).

5. Composition chimique de la célestine

On a déja présenté quelques données sur la compo-
sition de la célestine d'Iviinciuti el on a discuté sur le
chimisme de ce minéral par rapport a la célestine de
Cheia (Pomarleanu et al., 1988). Sous le tableau 3, &
coté des, deux analyses (1 et 3) on mentionne de nou-
veaux données sur la célestine tabulaire d’Ivancauti
(analyse 4) par rapport a la célestine de Darabani, pres
de Hotin (analyse 2) selon les données de Sidorenko
(1905) - cité par Lazarenko et Slivko (1958).

La teneur élevée en CaO de la célestine qui forme
des agrégats fins de cristaux sous forme de petites
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veines dans les calcaires compactes a célestine (a.ua.lyseI
1, tableau 3) est déterminée par I’association intime
enkre la célestine et la calcite. La célestine tabulaire
blanc-jaunatre, trouvée dans les lacunes des calcaires
poreux, se caractérise par une teneur plus baisse en
CaO (0,19 % CaQ, analyse 4 du tableau 3).

Tableau 3
Composition chimique de la célestine d’Iviinciuti et de
celle de Darabani (Hotin) et Cheia (Transylvanie)

' Composition %
Compo- Ivinciduti Dara- | Cheia’
sants Colonne! | Tabulaire’ | bani?
SrO 54,99 55,45 55,30 55,24
CaO 1,53 0,19 0,08 0,41
$i0, 0,30 i 0,53
Fez 03 0,2? = - 0,12
MgO 0,10 - - -
BaO 0,05 n.d. 0,89 =
SO, 42,70 43,70 43,42 43,26
H,0 25 0,20 - 0,29
Totale 99,94 99,54 99,69 99,85

! Pomarleanu et al. (1988).

2 Sidorenko (1905) - cité par Lazarenko et Slivko (1958).
3 Imreh, Imreh (1960).

1 Analyse eflectuée par Eleonora Neagu, IAMN, Bucuresti.

6. Genese de la célestine

En général le strontium forme un nombre assez
réduit de minéraux dans l'écorce terrestre. Il est
présent rarement sous forme de minéral indépendant
dans des certaines conditions magmatiques et hy-
drothermales. Les milieux exogenes qui comportent en
abondance I’anion SO7? sont. les plus favorable pour
la formation de la célestine, minéral qui constitue en
méme temps la source pour le strontium industrial.

Dans des conditions exogénes la formation de la
célestine est dépendante des roches calcaires, dolomies,
calcaires bituminneux, argiles gypsiferes, marnes et
gisements de sel. Dans ces formations la célestine se
trouve en paragenése avec la calcite, le gypse et le
soufre. L'occurrence de célestine d’Ividnciuti est as-
sociée avec quelques roches calcaires.

La geneése de la célestine s’explique soit par sa
précipitation syngénétique, soit épigénétiquement. Im-
reh, Imreh (1961), aprés 'analyse de plus de 14 oc-
currences de célestine du bassin de la Transylvanie,
ont adhéré & la deuxiéme hypothése et sont arrives
a la conclusion que le strontium provient des débris
squélettiques des coquilles riches en aragonite. La
célestine s’est formé ultérieurement pendant le pro-
cessus de la diagenese. Pendant ce processus les co-
quilles riches en CaCOjz et SrCO3 ont été attaquées

V. POMARLEANU, I. IMREH

par les eaux phréatiques a de hautes concentrations
en COy et HySOy4, qui ont facilité le passage dans les
solutions de ces carbonates sous forme de Ca(HCO3),
et Sr(HCO3)s. De la réaction des solutions aqueuses
acides avec le carbonate acide de strontium et de cal-
cium résulte le sulfate de strontium (la célestine) et le
sulfate de calcium (gypse):

~ Sl‘(HCO;;)Q -+ HQSO4 = 81'804 + 2Hgo + COQ

Ca(HCO3)s + H,50,4 = CaSO4 + 2H,0 + CO,

‘Ce mécanisme a été présenté par Imreh (1957) et
réactualisé ultérieurement pour la célestine de Tran-
sylvanie (Imreh, Imreh, 1961).

Lazarenko et Slivko (1958) tentent d’expliquer la
genese de la célestine de quelques minéralisations et
gisements du Nord de la Bassarabie, le long de la
vallée de Dniepr. Ces auteurs ont indiqué que le stron-
tium s’est accumulé parallelement au complexe gypso-
calcaire. Ultérieurement, pendant le processus de dia-
geneése des calcaires a eu lieu la redistribution du stron-
tium et sa précipitation dans la présence de I’anion
[SO4)*~ sous forme d’agrégats et cristaux de célestine
déposés dans les fissures des calcaires.

Conformément aux coupes géologiques de Pltinig
(Bagu, Mocanu, 1984) et aux colonnes lithostratigra-
phiques de la zone d’Ivancauti-Cuzlau la source de
H2S04 dans eaux phréatiques qui ont facilité la forma-
tion de la célestine épigénétique d’Tvancauti, provient
des conglomérats et des grés a soufre, ou résulte de la
dissolution des cristaux de pyrite et gypse des marnes
situées au-dessus de I’horizon & célestine.

Quant a la genese de la célestine d’Iviancduti, on
peut dire que le strontium s’est accumulé une fois avec
la sédimentation de la roche mére, Sa redistribution et
précipitation sous forme de célestine a eu lieu pendant
le processus de la diagenése. '
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Mixite.

Abstract: The most common phases with wide channels (microporous structures) in
mineralogy are the zeolites with their [(Sij—zAl;)O2]"~ frameworks. There exist, how-
ever, in nature also microporous structures with quite different chemical compositions.
A well known example is pharmacosiderite, with a [Fes(OH),4(AsOy)3])' ~ framework and
clear zeolitic properties. According to its crystal structure cacoxenite is another possible
representative, but its physicochemical properties have not been investigated yet. The
microporous structure with heteroatomic walls are of special interest. A good example
is mixite, [BiCug(OH)s(AsOy4)a].~3H,O; the recent synthesis has allowed to prove that

it dehydrates reversibly.

The term ”zeolite” is used in mineralogy for wa-
ter containing aluminiumsilicates of (mostly) sodium,
potassium and calcium for more than two centuries,
The members of this group of minerals are sometimes
found as beautiful crystals, e.g. from cavities in mag-
matic rocks; however, they occur fine-grained in much
larger quantities in some sediments, e.g. in altered vol-
canic tuffs, where they can be main constituents. Ze-
olites have interesting properties: they dehydrate and
rehydrate continuously, they show exchange properties
for the alkali and alkaline-earth ions, etc. These prop-
erties are closely connected with their crystal struc-
tures: they are built from SiO4 and AlQO4 tetrahe-
dra sharing all four oxygen atoms to form a three di-
mensional framework. The formula of the frameworks
reads 5iy_; Al O2]*~, usually with 0.2 <x < 0.5. The
frameworks are characterized by cavities and channels
with dimensions allowing the housing and diffusion of
water molecules and of the Nat, K+ and Ca®t ions.
The topologies of the frameworks vary widely.

Many of the zeolites that occur in nature can be
synthesized rather easily, but also zeolites that do not
occur as minerals are well known as laboratory prod-
ucts. Both natural and synthetic zeolites have found
varied and extensive use in industry, agriculture, ete.

The literature on zeolites is enormous, and since
1981 there even appears an international journal ”Ze-
olites”, covering to a considerable extent synthetic ze-
olites and application-oriented investigations. Impor-
tant monographs on natural zeolites are ”Mineralogy

and geology of natural zeolites” (Mumpton, 1977) and
"Natural zeolites” (Gottardi and Galli, 1985).

As®the characteristic zeolitic properties largely de-
pend on the atomic arrangement, they are not re-
stricted to the aluminiumsilicate framework structures
of the zeolites sensu siricto, but also occur in chemi-
cally very diverse compounds which are, however, all
characterized by having wide channels. In this context
it seems appropriate to mention that such structures
are often called microporous structures, quite indepen-
dent of whether they have zeolitic properties or not.
This is an useful expression because the degree of ze-
olitic properties varies with the size of the channels and
grades continuously into framework structures without
such properties.

Microporous structures closely related to the zeo-
lites sensu siricto contain in a tetrahedral framework
in addition to or instead of Si and Al the atoms Be, Zn,
P and As, coordinated to four oxygen atoms. Miner-
alogical examples are lovdarite with a [BesSizOys]*™
framework (Merlino, 1990), or tiptopite and pahas-
apaite, both characterized by [BePO4]'~ frameworks
(Peacor et al., 1987; Rouse et al., 1989). A very spe-
cial and somewhat exotic position among microporous
structures built from tetrahedra take Millon’s base and
its salts with their [NIgs]'* frameworks of anti-SiO,
structure types (Lipscomb, 1951). Mineralogical ex-
amples are mosesite, the framework of which corre-
sponds to that of cristobalite (Switzer et al., 1953),
and kleinite, where the framework has the topology of
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tridymite (Heritsch, 1954), The walls of the channels
are built up exclusively of mercury atoms (1), and as
the N-Hg distance is larger than the Si-O distance by
ca. 40 %, the widths of the channels are also consid-
erably wider than in the corresponding SiQ, modifica-
tion.

Microporous structures are known not only built
up from tetrahedra but also from octahedra. Exam-
ples with corner-sharing are only perovskite and py-
rochlore, both with relatively narrow channels and,
therefore, not showing clear zeolitic properties. Ex-
amples in which the octahedra share in part edges are
also offered by members of the pyrolusite group.

All microporous structures dealt with so far have
frameworks built up exclusively from only one geo-
metric kind of polyhedra, — they have monopolyhe-
dra frameworks. However, there also exist microp-
orous structures the frameworks of which are built up
from several geometric kind of polyhedra, which have
heteropolyhedral frameworks. A typical mineralogi-
cal example is pharmacosiderite which has a frame-
work built up of edge-sharing FeOy3(OH); octahedra
and of AsOy4 tetrahedra (e.g. Buerger et al., 1967).
The cavities and channels house water molecules and
(mostly) potassium ions. Pharmacosiderite has typi-
cal zeolitic properties (e.g. Mutter et al., 1984). An-
other interesting mineral in this context is cacoxen-
ite. According to Moore and Shen (1983) it has a
[(Fe,Al)2506(OH)12(PO4)17(1150)24]° framework with
(Fe,Al) in octahedral coordination. The very large
channels house water molecules. Nothing seems to be
known on a possible zeolitic behaviour, and the min-
eral seems not to have been synthesized by now.

All the compounds covered above in this paper have
in common that the atoms at the walls of the cavities
and channels are all of the same kind, mostly they are
oxygen atoms (with, in part, attached protons), — the
channels have monoatomic walls. There exist, how-
ever, also microporous structures with heteroatomic
walls. They are highly interesting in basic science,
but some of them might also find practical applica-
tion. The mineral kingdom presents several examples;
unfortunately all of them are very rare species.

A typical representative is mixite.  This low-
hydrothermal mineral has a framework of the formula
[BiCug(OM)s(AsO4)3)"; water molecules statistically
occupy the channels (Mereiter and Preisinger, 1986).
The walls of the channels are formed in part of oxy-
gen atoms and hydroxil groups, in part, of Cu atoms
(!) which have in the surface of the walls four oxygen
neighbours at ca. 2.0 A. In a previous paper Schrauf
(1880) reported that part of the water escapes contin-
uously with heating, but the scarceness of the natural
material prevented a more detailed investigation until
recently. The successful synthesis of mixite (Miletich
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and Zemann, 1993) allowed a more detailed investiga-
tion of some of the properties of mixite, and has proved
the zeolitic behaviour of the water content. Connelite
is another example for a microporous mineral with in
part Cu?* in the walls (McLean and Anthony, 1972).
In this case the framework is positively charged and be-
sides water, the channels house molecules on a partly
occupied position, also anions (mainly SO27). A pos-
sible zeolitic behaviour seems not to have been inves-
tigated.

Another mineralogical representative of microporous
structures with heteroatomic walls is zemannite with
its [(Zn,Fe)s(TeOy)3)*~ framework (Matzat, 1967).
The walls of the channels are built up in part of
the oxygen atoms and in part of the Te(IV) atoms
of the TeO_%" pyramids, - or rather of their lone-
electron pairs. The wide channels house cations
(mainly Nat) and water molecules on only partly oc-
cupied positions. The successful synthesis of the Zn-
endmember (Miletich, 1989) allowed to investigate the
dehydration-rehydration behaviour. Contrary to the
expectations from the crystal structure it was found
that the water content does not continuously decrease
with heating (Miletich, priv. comm., 1992). This re-
sult is possibly conditioned by the low break-down
temperature of the framework.

Kambaldaite can be considered to belong to this
group of compounds, too. Its crystal structure is char-
acterized by a [Nig(OH)3(CO3)3]'~ framework, the
walls of which are formed by hydroxil and CO3 groups
(Engelhardt et al., 1985). As the COj triangles form
with the wall an angle of only 18°, the C atoms are ap-
proximately located on the surface of the walls. The
channels contain well ordered [Na(H;0)3]'~ chains, so
that the structure does not suggest zeolitic properties.

Finally, it seems appropriate to mention here also
the recently discovered
mineral szymanskiite. According to Szymanski and
Roberts (1990) its erystal structure is characterized
by a [(Hg2)4(Ni,Mg)3(OH)(CO3)3]*+ framework, the
walls of which consist in part of mercury atoms and in
part of hydroxil groups. The channels are reported to
contain carbonate groups, lI;0T and water molecules,
in part in a disordered arrangement.

Microporous structures with heteroatomic walls are,
of course, not restricted to minerals. To men-
tion just one example among laboratory products:
N(ClI3)4[Sb3Ss] has a microporous structure in which
the walls of the [Sb3Ss]'~ framework are formed by S
as well as by Sb atoms (Parise, 1991).

"This paper is a shortened and in some parts updated English

version of an earlier publication in German (Zemann, 1991).
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CURRENT ORE PETROLOGY: PARAGENESIS, ANALYSIS AND

EXPERIMENTATION (WITH PREFERENCE TO GOLD)

| Giinter H. MOH |

Department of Mineralogy and Petrography, Heidelberg University. 6900 Heidelberg, Germany.
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Abstract: Complex sulfide ores with well analysed gold contents often cause problems
during leaching processes, since the gold recovery remains incomplete unless the ores
undergo prior to the recovery alteration or heating treatment. The reason for this be-
haviour is that gold occurs partly as sulfide, substituting, for instance, copper, silver
and thallinm in the erystal lattice of the respective minerals. Gold sulfide seems to be
quite resistant and is not aflected by aqueous cyanide solution. Results from an experi-
mental approach show that gold sulfide is only stable in a narrow Eh—pH range, where
it can be precipitated at low temperatures under hydrothermal conditions. Méssbauer
spectroscopy studies on natural ores as well as on synthetic products demonstrate the
presence of gold as sulfide and/or its alteration or breakdown due to subsequent heat
procedures. These facts make it necessary to revise at least part of our knowledge in the

geochemistry of gold.

It is an open secret that complex sullide ores with
surely proved gold contents often canse problems dur-
mg cyanide leaching procedures and show incomplele
extraction, unless the ores undergo prior to the recov-
ery an alteration or heating treatment. Since these
gold contents cannot be proven by microscopical in-
vestigation, it is assumed that at least parts of the
gold substitute for copper, silver and even thallium in
the crystal lattice of sulfide minerals.

This phenomenon was first recognized by the au-
thor in 1964, when studying Cu-Ni1-S phase relations
as part of the quaternary Fe-Ni-Cu-S system in con-
nection with the Sudbury sulfide ores (Mol Kullerud,
1963, 1964). A ternary Pal type phase was found equal
to villamaninite (Cu,Ni)Ss; compare Figure 1. '

This mineral was first reported by Schoeller & Pow-
ell (1920) and later examined and confirmed by Ramd-
hor (1937, 1960) and Tley (1962). Homogeneous mem-
bers of the synthesized villamaninite solid solution se-
ries as well as synthetic bravoites were used as stan-
dards to analyse first various natural bravoites and vil-
lamaninites by microprobe and by X-ray fluorescence
techniques (Moh & Ottemann, 1964). Figure 2 shows
a high purity synthetic villamaninite of CuNisSg com-
position and the natural mineral which is comparably
richer in copper but contains also some cobalt and iron
substituting for nickel; sulfur is partly replaced by se-

lenium. Note: the analyses were made with gold ra-
dtation, consequently the charts show the typical L-
gold peak. However, when compared with the natural
villamaninite ol the type locality as observed under
the same conditions, the gold reflex is slightly but dis-
tinctly increased. Since no native gold could be rec-
ognized under the reflecting microscope even at high
magnification in oil immersion, the analysed increased
gold content remained obscure.

In the course of studies on castaingite and of related
experimentation some years ago the Kupferschieler
ores were also subject of investigation with material
from Mansfeld (formaly GDR) and from Lubin, Sile-
sia (Poland). There, in the lower parts of the Kupfer-
schiefer a gold-bearing lens of approximately 1.5 em
thickness occurs horizontally, which extends for sev-
eral hundred meters or more.

Among other sulfides, including castaingite, also
thucholite was present, and the invisible gold content
was | % or slightly more. Since also plenty of fossils
oceurred well preserved in the neighbourhood - (not
only Placoniscus freieslebeni) — the contents of the gold
can not be of hydrothermal origin. Instead, it can be
assumed that gold has originated from the surround-
ing Devonian rocks and was transported as fine tinsels
by the rivers into the Permian Ocean. Organic matter
has kept the gold colloids in suspension until the final
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(villam aninite)
(Cu,Ni) 5,s.s.

“-“

G. H. MOH

200°C

NiS, Vaesite

Niy S, Polydymite

NiS Millerite

i Ni 352 Heazlewoodite

Ni

Weight per cent

IYig. 1 - Phase relations in the dry Cu-Ni-5 system at 2009 C. The villamaninite phase is stable over a considerable
composition range but is always stoichiometric with respect to the MS; formula; compare Moh, Kullerud, 1964,

sedimentation took place on the Permian sea floor. Re-
garding the fossils, the fauna was poisoned by small
amounts of soluble copper contents in the sea water.
Since copper is very toxic also to bacteria etc., the sea
fauna became contaminated and well preserved. The
copper contents have reacted, e.g., with the scin of
Palaeoniscus freieslebeni, and during a period of de-
composition of the organic matter, HsS has formed
naturally and reacted with both the adsorbed copper
on the fish scales and their natural iron contents to
chalcopyrite or more often to bornite or pure copper
sulfides, preserving the original morphology.
However, the lower parts of the Kupferschiefer con-
tain carbonaceous material, and because limestone
buffers aqueous solutions to pH 8-9, a weak alkaline
milieu was produced and H,S reacted also with the

precipitated gold due to its large surface area. Under
these circumstances gold does not behave as a noble
metal and reacts with HoS at low temperatures quite
rapidly to gold sulfides (Sobott & Moh, 1991).

In the Kupferschiefer the gold has probably substi-
tuted for copper and silver in sulfide minerals or is dis-
seminated in the thucholite matrix but invisible. Fig-
ure 3 shows an X-ray fluorescence registogram of such
gold-bearing material, obtained with rhodium radia-
tion.

An arranged visit in 1986 to the Kupferschiefer min-
ing area near Lubin (Poland) did not result in new
findings, because the gold rich lens was already mined
out.

However, the gold contents in the Kupferschiefer re-
veal some similarities to the villamaninite occurrence
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in Spain (as mentioned above). Also in the Kupfer-
schiefer of general sedimentary origin villamaninite
was observed (Moh & Kucha, 1980), and in a recent
paper high gold contents in copper sulfides were re-
ported from these Polish deposits (Kucha & Piestrzyn-
ski, 1991).

__:“_ I 1 . '.JK

Fig. 2 - X-ray Hluorescence charts, performed with rhodium
radiation, of synthetic CuNi2Sg (top) and villamaninite (bot-
tom); compare Moh, Ottemann, 1964.

Table 1 shows some villamaninite analyses from the
Spanish type locality and from the Polish Kupfer-
schiefer. While the Spanish villamaninites display a
wide compositional range from almost pure CuS; to-
-wards vaesite NiS,, cattierite CoSs, and pyrite FeSs
including Quaternary bravoites in general, or bravoites
in a broader sense, the Polish occurrence is more
iron rich and reminds more of cuprian bravoite or
fukuchilite, respectively. Some recent villamaninite
analyses are plotted on a simplified two-dimensional
representation (Fig. 4) (compare Paniagua, 1991).

Since the Spanish villamaninites are found in quartz
veins enclosed in dolomite, Tts formation must be as-
sumed at a pH slightly higher than 7. Under these
alkaline environments also CuS; has formed as a min-
eral (Paniagua, 1989). CuS, was known before as a
high pressure phase of the Pa3 type, it has recently
been synthesized at low pressure and higher pIl by
Schmid-Beurmann (1990).

CuS; and villamaninites of different compositions
have been very recently synthesized hydrothermally at

T "\L

IGR

59

85° C and atmospheric pressure (Elhaddad & Moh,
1993). The results under the absence of cobalt and iron
confirmed earlier low temperature investigations (Moh
& Kullerud, 1982): a villamaninite solid solution series
extends from CuNiS, to slightly beyond CuNi,Sg com-
position with miscibility gaps towards vaesite NiS; and
CuSy, respectively. The latter phase was not known as
a mineral at that time.

Table 1
Microprobe analyses of Pa3-type minerals
(Cu,Ni,Co,Fe)S,
recalculated in mole fractions
a) from Villamanina, Leon/Spain
with all stages of transition from almost pure CuS, over
villamaninite to vaesite, cattierite, pyrite and bravoite

mole mole mole mole
fraction fraction fraction fraction
CuS, NiS, CoS, FeS,
0.9883 0.0031 0.0017 0.0069
0.7664 0.1454 0.0604 0.0278
0.6001 0.2769 0.0818 0.0412
0.5027 0.3241 0.1147 0.0585
0.2322 0.5119 0.1585 0.0974
0.0385 0.6828 0.2437 0.0350
0.0531 0.0533 0.8062 0.0874
0.0154 0.0138 0.0129 0.9579
0.0246 0.4129 0.1427 0.4198

(unpublished research from A. Paniagua, Oviedo;
personal communication, Sept. 2nd, 1985)

b) from Lubin, Silesia/Poland with stages of transition
from iron-rich villamaninite or cuprian bravoite to

fukuchilite

mole mole -mole mole
fraction fraction fraction {raction
CuSz NiS, CoS; FeS;
0.3906  0.2544  0.0017  0.3533
0.3785 0.2133 0.0017 0.4065
0.3547 0.1636 0.0028 0.4789
0.2875 0.0217 0.0648 0.6260
0.2416 0.0018 0.0077 0.7489

(unpublished research from . Kucha, Krakow; personal
communication, May 16, 1986)

Note: Traces of selenium (Villamanin) and arsenic (Lubin)

are omitted or recalculated in sulfur.

The remaining problem are the meanwhile analysed
gold contents in villamaninites substituting probably
for copper in the crystal lattice (Paniagua, 1991). Ta-
ble 2 shows typical trace elements analyses in villa-
maninites of the type locality. Mdssbauer spectra actu-
ally do not show any change before and after cyanida-
tion of gold-bearing villamaninite, of which a 197 An
Moésshauer spectrum is shown in Figure 5 (compare
Friedl et al., 1991). Thus, the gold contents can be
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Fig. 3 - X-ray fluorescence chart, performed with rhodium radiation, of a gold-bearing castaingite-thucholite sample
from Lubin (Poland).

Cus,
o
° Table 2
3 Electron probe microanalyses on disulfides of the
o " ‘ . .
Eg“ Providencia Mine, near Villamanina, Leon/Spain, showing
Qﬁ o major and trace elements: compare Paniagua, 1991.
a .
& o © @ Max.wt.% Min.wt.% Med.wt.%
o 5 - Major elements
e a °® Cu 45.05 0.10 21.06
L : Ni 38.01 0.00 12.13
o, C'o 8.38 0.02 3.64
° g% Fe 45.64 1.07 11.10
- :
o, O S 53.56 47.35 50.37
NiS,+ CoS, B0 analyses FeS, Jrace elements
) Zn 0.886 0 0.104
As L 0A4TT 0 0.068
Fig. 4 - Plot of analysed points (villamaninites) in the 5_\-'2; {2}293 g 3;;3
pseudoternary system CuS;-FeS;-(NiSz+CoSs ); com- 18 ol Ty
pare Paniagua, 1991. SAb 0.191 0 0.022
u 0.371 0 0.050
Hg 0.450 0 0.082
considered as substitutes for copper in the erystal lat- TI 0.049 0 0.007
tice. Bi 0.301 0 0.067
It is the author’s aim to synthesize gold-bearing Total traces 1.702 0.021 0.423

sulfides of the Kupferschiefer type minerals and vil-
lamaninites, respectively.

At first pure gold sulfides have to be synthesized, in Figure 6.
e.g., AusS, of which the Mdsshauer spectrum is given -

l/’ . " 0 -~ - -
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Fig 5 1°TAu Mossbauer spectrum of a villamani-

nite concentrate taken at 4.2 K with a source of '?7Pt
metal: compare Iriedl et al., 1991.
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Fig. 6 — Madssbauer spectrum of a synthetic AuzS
sample in activated charcoal.

With regard to the high carbon contencs in the
Kupferschiefer and their possible adsorption for trace
elements, activated charcoal was used for the ex-
perimentation which was saturated by aqueous gold-
bearing solution before sulfidization. The reaction
with diluted H,S was performed within 2 weeks at py
4.5 in a light tight laboratory. Continuous experimen-
tation showed success only in a darkened room, since
light beams react with the aqueous S and particu-
larly with H5Se solution and disturb Eh-pH-conditions
considerably — as a result no gold sulfide but metallic
gold forms.

At present fresh saturated clay minerals are success-
fully used for experimentation. For instance: this min-
eral group allows either absorption (e.g. substitution

61

of Nat, K+, Cat*t ete. in the montmorillonite struc-
ture by heavy metal ions) or adsorption (e.g., surface
saturation of kaolinite by heavy metal tons). The pre-
pared clay minerals undergo then a sulfidization proce-
dure forming the respective sulfide minerals (compare
Elhaddad & Moh, 1992).
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COMPLEXES: CAS DES HAUTES-PYRENEES (FRANCE) ET DES MONTS
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Abstract: Alabandite (MnS) at Hautes Pyrénées (France) and Metaliferi Mountains
(Romania). Manganese rich associations at Nabias and Adervielle (Hautes Pyrénées-
France) are similar to those of Sicirimb-Nagyag (Metaliferi Mountains-Romania). These
complex associations consist in numerous sulfides (alabandite, millerite, violarite, pyrite,
sphalerite, tetrahedrite, galena, etc.), manganese silicates and rhodochrosite. These com-
plex association of sulfides and manganese minerals could be due to successive event or
illustrate a single system in which all the phases are in equilibrilim (same T, pH, Eh, {O,,
fSz). Such a system must be linked to the local geological study. According to petro-
logical study, microprobe analyses were performed for the major elements: S, Se, Te, Fe,
Mn, Co, Ni, Bi, Zn, Cu, Ag, Au, Sb. Data are displayed in atome percent, resulting from
10-40 analysis. The chemical composition of Nabias and Adervielle alabandite (Hautes
Pyrénées) are more scattered than Sicirimb-Nagyag (Metaliferi Mountains) ones. Minor
amounts of I'e, Cu, Co, Zn, and Ni are also found. No zonation has been evidenced for
major and minor elements. In most cases, a small deficit in sulfur has been detected,
the mean values ranging between 49.74 and 50.25. The other sulfides data allow to de-
fine conditions of formation: at high pH, close to 8.3 for the equilibrium temperature
and finally a reducing medium with a Eh value around -0.5 in good agreement with the
1S2(107%-107°) and the fO,(107*%) values. Such conditions could be due to a medium
metamorphism activity allecting manganese rich deposits with hydrothermal circulation
of ore solutions (sulfur and likely Ni and Co). Gold is also observed in these areas (spe-
cially in Metaliferi Mountains) and is occasionally in association with tellururides. A
genetic model is finally proposed: a manganese rich marine formation of shallow basin is
submitted to subduction, the associated volcanic activity supplying for sulfur and other
metals. Metamorphic and volcanic activities lead to the formation of manganese minerals
and gold deposits.

L’alabandite (MnS-Fm3m) est caractéristique des entre la présence de Palabandite et le métamorphisme
dépéts d’origine hydrothermale ou des concentrations di aux intrusions granitiques dans les concentrations
manganésiferes ayant subi un métamorphisme de con- de Tamagawa (Japon).
tact (Hewett & Rove, 1930; Radulescu & Dimitrescu, Un cortége complexe de: silicates, carbonates, sul-
1966, Fukuoka, 1981; Lardeau, 1984; Abrecht, 1989a, fures, sulfoarséniures, sulfoantimoniures, sulfotellu-
1989b). Watanabe (1970) souligne aussi le lien direct  rures, tellurures, arséniures et vanadates accompagne
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fréquennument Palabandite. On observe souvent dans
le cortege de sulfosels la prédominance du cuivre ou
celle du nickel. Dans la plupart des concentrations ot
I’alabandite se manifeste, elle représente la premiere
phase dans 'ordre de succession des phases.

Cete étude se propose d’analyser le cortéege des sul-
fures et des autres espéces associés a l'alabandite, de
tenter de comprendre s’ils appartiennent a plusieurs
générations ou a un systeme a I'équilibre, ¢’est-a-dire
compatible dans les méme conditions de température,
de Eh, de pH, fugacité d’oxygene et de soufre. Si de
telles conditions existent, il convient de déterminer
comment elles se situent par rapport aux histoires
géologiques régionales. Deux gisements ont été choi-
sis: l'un dans les Hautes Pyrénées, connu essen-
tiellement pour les silicates de manganése associés &
Palabandite, I'autre dans les Alpes de Transylvanie,
les Monts Métalliferes connus pour les tellurures et les
sulfotellurures associés a 'alabandite. Une fois décrit
le cadre géologique, nous procederons & un examen
pétrographique et analytique des sulfures.

I. Contexte Géologique

Dans les Hautes Pyrénées, des concentrations man-
ganésiferes impregnent la lydienne carbonifére, sou-
vent fortement plissée (Pl. 1) ou les calcaires du
Dévonien; il s’agit essenticllement d’oxydes (Pelisson-
nier, 1956; Perseil, 1968, 1969, 1971; Ragu, 1990).
L’alabandite et son cortége de sullures (pyrite, galéne,
millérite, sphalérite, violarite) apparaissent dans des
filons et des veinules ou les sullures sont quelquefois
remplacés par des carbonates et des silicates.

Dans les Monls Métalliféres, 'alabandite est as-
sociées non sculement aux sulfures, mais aux tellu-
rures el aux sulfo-tellurures d’or et d'argent (hes-
site, stiitzite, calaverite, krennerite, petzite, sylvan-
ite, et nagyagite) qui remplissent un vaste réseau de
filons. Ces concentrations épigénétiques (Berbeleac,
1985) sont liées au processus de subduction du Néogeéne
et au magmatisme andésitique assoclé.

I1. Contexte Pétrographique

L’alabandite des Hautes Pyrénées (4 Adervielle,
a Nabias et a Vielle Aure) est étroitement associée aux
veinules de quartz, de rhodochrosite et rhodonite; ces
veinules coupent aussi bien.le calcaire brun que la ly-
dienne recristallisée du Carboniféere. Tantot la lydi-
enne recristallisée est traversée par de fines veinules
de quartz, rhodochrosite, téphroite et friedélite, ac-
compagnées par l'alabandite, la pyrite, la millérite, la
violarite, la bravoite, la galéne et la sphalérite, ainsi
que des plages automorphes de hiibnérite. Tantot
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elle est envahie par des lamelles de friedélite as-
sociée & la pyroxmangite, la rhodonite, la téphroite, la
rhodochrosite, la spessartite, le quartz et 1'alabandite
dans des assemblages progrades. L’alabandite est as-
sociée a la grille pétrogénétique:

MnO-Si0s-H,0-CO5,

I'intermédiaire de la friedélite.

essentiellement par

La friedélite représente la phase la plus hydratée
de la famille des phyllosilicates manganésiferes et la
présence implique une activité importante des flu-
ides pendant le métamorphisme. Les textures ob-
servées indique que la friedélite a pu se former, lors
du métamorphisme prograde (Abrecht, 1989), suivant
la réaction:

MnCOgz + Si0, + H,0 + HCl =
E\"Illgsiﬁolr,(on,cl)llu + C‘OQ

Au microscope, on conslate que l'alabandite se
développe dans une masse de tephroite largement
cristallisée dont la teneur en fer ne dépasse pas 0,70
%: on peut souligner aussi 'absence en éléments en
traces de cette téphroile. Au microscope électronique
a balayage, I'alabandite présente des macles répétitives
tres caracteristique (PL 1, fig. 1).

En surface polie, on observe que la pyrite borde les
plages d’alabandite et manifeste une nette tendance
a la remplacer. La millérite, la violarite et la bravoite
apparaissent aussi bien en inclusions dans 'alabandite,
que dans les plages de sphalérite et de galéne associées.

La présence d’une série de minéraux rares (la helvite,
la welinite, la vuorélainenite) signalée par Ragu (1990)
doit étre mise au compte d'une phase tardive pneuma-
tolitique en relation avec I'intrusion des massifs grani-
tiques voisins.

Dans les Monts Métalliferes plus particulierement
dans le gisement de Sdcdrimb, 'alabandite apparait
d’avantage comme un élément de gangue a coté du
quartz, de la rhodochrosite et de la calcite que du
véritable minerai. L’alabandite esl cependant le pre-
mier sulfure dans la paragenese, a coté de la pyrite,
la marcasite, arsenopyrite, la sphalérite, la galéne,
la chalcopyrite, la nagyagite, D'altaite, le cuivre gris,
la boulangérite, la bournonite, la jamesonite, la stib-
ine, 'arsenic et l'or natif (Ghitulescu, 1934; Ghitulescu
et Socolescu, 1941; Giused, 1935, 1936; Ramdhor et
Udubaga, 1973). C’est la galéne, largement cristalisée
dans la masse de l'alabandite, qui enferme de nom-
breuses inclusions de cuivre gris, de tellurures d’or
(krennerite-Au'Tes; calaverite-AuTe,), de tellurures
d'argent (hessite-AgyTe;; stiitzite-AggTey) et de tel-
lurures d’or et d’argent (petzite—AgsAuTes; sylvanite-
AuAgTes) auquel on peut ajouter aussi le tellu-
rure de fer (la frohbergite-FeTey). Des flammeches
d’antimoine sont assez fréquentes & coté de ces inclu-
sions (Pl 11, fig. 2) est progressivement remplacées
par la pyrite et les autres sulfures et tellurures (PL. 1T,
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fig. 3).

III. Résultats Analytiques

1. Conditions d’analyse: les analyses ponctuelles
ont été réalisées sur une microsonde microbeam Came-
bax. Les conditions opératoires sont les suivantes: ten-
sion d'accélération 15 kV, courant image 40 nA, focal-
isation 1 pm, temps de comptage variant de 10 a 20
s selon l'abondance des éléments. Les étalons ont été
choisis en fonction des liaisons du soufre (pyrite ou
chalcopyrite) suivant une méthode décrite par Maury
(1990). Apres une recherche des éléments présents,
I'analyse a été limitée aux seuls constituants dont la
teneur soit significative, variable suivant les sulfures:
S, Se, Te, Fe, Mn, Co, Ni, Bi, Zn, Cu, Ag, Au, Sb.

Les résultats correspondent i des séries de 10 4 40
mesures exprimées en atome pour cent; seules ont été
retenues les analyses dont le total en poids est compris
entre 99,9 et 100,1. L’écart type n’est donnée que pour
les éléments majeurs;

Les résultats sont rassemblés dans les tableaux; ils
appellent un certain nombre de remarques.

2. Alabandite. Les résultats concernant ce sulfure
présentent une légere dispersion pour les échantillons
des Hautes Pyrénées (Adervielle, Nabias, Vielle Aure),
mais sont bien groupés pour les échantillons des
Monts Métalliferes (Sacarimb) il ne s'agit la peut-
étre que d’un effet d’échantillonage; parmi les éléments
mineurs, seuls le I'e, le Cu, le Zn, et le Ni présentent
une valeur mesurable, qu'il convient de prendre comme
seulement indicative.
en évidence, ni pour les éléments mageurs, ni pour les
mineurs. On remarque dans la quasi totalité des cas
un léger déficit en soulre par rapport & la somme des
cations et meéme par rapport au Mn; la valeur moyenne
est en eflet pour le soufre de 49,74 et de 50,25 pour la
somme des cations (Tab. 1).

Aucune zomation n'a ¢été mise

3. Sulfures de nickel. Trois sullures de nickel ont
été observés: la millérite (N15), la violarite (NigFeSy),
qui présentent une substitution nickel-cobalt notable
et la bravoite (FeNiCo)Ss.

a) La millérite: ce sillure est légerement déficitaire
en Ni, 47,32 %, ce qui correspond a un rapport Ni/S
de 0,95, valeur qui semble trées importante. Compte
tenu de 'ensemble des cations, soit 49,82 %, le rapport
cations/S=0.996 et écart type passe de 0,78 & 0,30,
résultatl qui semible en bon accord avec les observations
de Kullerud et Yund (1962) (Tab. 1).

b) La wiolarile: Hudson et
(1974) nous avons allaire & un mindral de  for-
mule (FeNiCo)sSy).
présentent nn total en poids variant entre 7 & 100 4.,

comme (iroves

Toutes les analvses de violarite

Les analyses ponctuelles indiquent quelques écarts
par rapport & la formule stoechiométrique. La valeur
moyenne pour le soufre est de 57,44, elle présent un
faible écart type de 0,17 coerrespondant & une bonne
homogénéité en soufre, en exceés vis-a-vis de la valeur
stoechiométrique. Hormis le manganése, on ne {rouve
aucun élément en trace mesurable entrant dans la
structure de la violarite. La valeur moyenne du nickel,
soit 28,05 %, est inférieure a la valeur théorique de
28,567 % et écart type de 1,82 est considérable; on
peut faire la meme observation pour la somme Fe +
Co qui est en moyenne de 14,03 % + 1,61. La somme
des cations, par contre, présente une valeur moyenne
de 42,56 4+ 0,19. On peut donc conclure & un exces de
soufre de la violarite et & la substitution préférentielle
du fer, et particllement du nickel, par le cobalt. C’est
par leur teneur plus élevée en cobalt (Tab. 1) que les
violarites analysées different des données de Misra et
Fleet (1974). La millérite ne contenant pratiquement
pas de Co, la violarite ne peut en dériver par altération
que par un apport conjugué de Co et de e, a moins,
ce qui est plus probable, que la violarite soit primaire.

¢) La bravoile se manifeste en inclusions, dont le
diametre ne dépasse pas 3 pm, aussi bien dans les
plages d’alabandite, que dans les plages de galéne et
de sphalérite. Les inclusions non zonnées, légérement
craquelées, mises en evidence a I'aide du microscope
électronique & balayage, ont ¢té analysées au détecteur
par dispersion d’énergie de type Ortec.

4, Les autres sulfures:

a) La pyrile posséde une composition ponctuelle
(Tab. 2) qui présente une dispersion caractéristique
d’une origine primaire (Laflitte et Maury, 1983);
’abondance des autres éléments, en particulier le man-
ganese (0,3 4 1,8 %) et le nickel (0,02 & 1,2 %), renforce
celte interprétation.

b) Le sulfure de zine, riche en manganése el pauvre
en fer (Tab. 2) possede un rapport k=S/Zn+Fe+Mn
supérieur a 1, ce qui permet de le classer parmie
les sphalérites.  La faible tencur en fer est car-
actéristique des sphalérites assocides & un hydrother-
malisme acide.  Non seulement les bordures des
sphalérites de Sacirnmb (Monts Métalliferes) mais
aussl les bordures des sphalérites d’Adervielle et de
Vielle Aure (llautes Pyrénées) sont riches en traces
d’or (04 & 0.8 %). Cette abondance etant plus
marquée dans le premicr cas.

¢) La galine est tres fréquente dans le gisement de
Sacarnmb. on elle est directement associde aux sulfotel-
lurures d'or et d'argent. ot reste plus diserete dans
les gisement des Hantes Pyrénées, ol elle enferme les
i), La galene de Sacarnimb
Les analy-

sullures de nickel (Pl
est tres riche en flammeche dlantimoine.
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Tabléau 1
Composition ponctuelle de I'alabandite %
] Mn I'e Cu Zn Ni Co
Formule théorique 50,00 50,00
ltes. Pyrénées 50,02(0,12) 49,40(0,10) 0,40 0,13 0,00 0,03
" 19,86(0,18) 49,61(0,18) 0,31 0,14 0,00 0,03
N 4962(0,19)  49,99(0,20) 0,30 0,05 0,00 0,02
N 49,48(0,13)  50,11(0, 14) 0,31 0,05 0,00 0,02
Moyenne 49,74(0,20)  49,77(0,20) 0,33 0,10 0,00 0,03
Sicirimb 49,80(0,03) 50,07(0,04) 0,72 0,04 0,02 0,00
Composition Ponctuelle de la Millérite Atome % (ITantes Pyrénées
Formule théorique 50,00 50,00
50,15(0,36) 1,01 1,10 0,00 0.02 47,32(0,78) 0,37
Composition ponctuelle de la violarite atome % (Hautes Pyrénées)
Formule théorique 57,14 14,29 28,57
57,20 0,25 8,81 0,00 0,00 26,61 7,14
57,26 1,67 13,36 0,00 0,00 24,88 2,91
57,46 0,28 3,04 0,00 0,00 2808 11,12
57,43 0,45 2,05 0,00 0,00 29,08 10,97
57,69 0,22 3,06 0,00 0,00 27,96 11,08
57,60 0,10 3,61 0,00 0,00 29,70 8,96
57,46 0,36 2,50 0,00 0,00 30,06 9,61

valeurs entre parantheses = ¢ — écart type.

Tableau 2

Composition ponctuelle de la pyrite en atome %
S Mn I'e Cu Zn Ni Co

Formule théorique 66,66 33,33
Htes. Pyrénées 66,21 0,97 3248 0,04 0,00 049 0,00
Sidcirimb 65,66 0,00 33,87 0,20 0,00 0,02 0,00
Composition ponctuelle des blendes en atome %

Moyenne

Zn 46,58 44,76 44,75 44,98 45,2640,88

Htes. Pyrénées Mn 5,10 4,70 4,28 4,64 4,68+0,33

Fe 0,66 0,87 0,62 0,48 0,6540,16

S 47,64 49,66 50,34 49,89 49,38+1,19

Zn 42,05 4239 43,94 43,35 43,73 43,0940,83
S¥cirimb Mn 6,18 556 6,14 4,62 6,63 = 5824077
Fe 0,19 0,25 0,14 0,20 0,03 0,1640,08
S 51,65 51,79 4978 51,82 49,61 50,93+1,13
Composition ponctuelle des cuivres gris (Sicirimb) en atome %
S As Sh Cu Zn Mn Ag Fe
Formule théorique 44,83 13,80 41,39
44,18 3,92 10,74 31,67 5,21 1,72 1,58 0,15
Composition ponctuelle de la galéne (Sicarimb) en atome %
S Te Se Pb Fe Zn . Bi Mn  Au Ag
Formule théorique 50,00 50,00
44,22 0,06 0,07 4920 0,00 036 037 0.21 0,05 0,19
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ses ponctuelles indiquent de nombreuses substitutions,
tant & la place du soufre que du plomb (Tab. 2).
d) Les cuivres gris, trés abondants et avee une com-
. position chimique trés variable dans le gisement de
Sacirimb (Tab. 2), restent plus rares dans les concen-
trations d’Adervielle et de Vielle Aure. Les tellurures
d’or et d’argent, ainsi que les sullotellurures, se man-
ifestent en inclusions dans le cuivres gris, qui sont a
leur tour inclus dans les plages de galéne.
Nous donnons seulement la composition ponctuelle
de la nagyagite, il s’agit du gisement d’origine (Tab.

3).

Tableau 3

Composition ponctuelle de la nagyagite de
Sécdrimb (Nagyag)

Moyenne

(atome %)
Au 7,90 8,56 9,25 9,68 5,25
Te 13,46 14,79 15,12 15,18 13,66
S 11,18 10,92 10,62 10,78 40,43
Pb 59,03 56,96 55,10 54,20 32,37
Sb 7,09 8,12 829 7,64 7,62
Bi 0,31 0,30 0,31 0,43 0,01
Ag 0,03 0,20 0,12 0,19 0,00
Zn 0,00 0,00 0,33 0,13 0,01

IV. Discussion

.

Nous disposons de nomibreuses courbes d’équilibre
de ces espéces en fonction du pll, du Eh et des fugacité
de soufre et d’oxygene. Nous allons examiner les do-
maines propres a chaque espéce el les possibilités de
concordance.

a) L’alabandite. lLa présence systématique de ce
sulfure relativement peu courant (dans les gisements
classiques de manganése), permet, compte tenu de son
abondance dans les gisements analysés, de délimiter
un domaine de pH, Eh oli il doit jouer le role de tam-
pon. Nous disposons pour cela des courbes de Gaucher
publiées dans Garrels et Christ (1965); le domaine de
stabilité de I’alabandite y est tres limité autour d’un
pH basique de 8 4 9 et un Eh réducteur de 0,5 40,8 Ev.
Ce domaine valable & 25° C ne doit pas s’étendre beau-
coup jusqu'a 300 C. De la méme maniére, les courbes
de Barton et Skinner (1967) fixent aux environs de
300° C la fugacité du soufre & une valeur inférieure a
10~® et supérieure & 1073,

b) La violarite. 11 s’agit encore ici d’un sulfure dont
les conditions de stabilité sont relativement réduites.
En ce qui concerne la température, la violarite n'est
stable qu’en dessous de 460° C (Craig, 1971), mais
sa teneur en Fe limite ce domaine en dessous de

300° C (Misra et Fleet, 1974). La teneur élevée en
cobalt ne doit pas changer le domaine de stabilité -
(Craig, 1971). Le diagramme donné par Richardson et
Vaughan (1989) permet de limiter le pH entre 4 et 12
ct le Th entre -0,5 et 0. Ces méme auteurs nous four-
nissent des limites pour la fugacité du soufre entre 0 et
10710 et autour de 10759 pour la fugacité de 'oxygene.
L’évaluation de la fugacité de I'oxygéne n'est pas trés
précise; elle peut varier suivant les auteurs de 1040
a 10760 (Crerar et al., 1982; Richardson et Vaughan,
1989). Cette ambiguité réside sans doute dans le fait
que l'on observe une série d’équilibres, dont certains
correspondent & la phase primaire du métamorphisme,
et les autres A la phase finale. La fugacité de I'oxygene
a augmenté au cours de cette évolulion et a joué un
role important dans le mécanisme de dépot de 'or. On
notera enfin que nous n'avons pas trouvé de traces de
pentlandite. L'examen au microscope électronique a
balayage de la violarite riche en Co montre une sur-
face non poreuse, qui pourrail etre liée & une orig-
ine hypergene (Hudson et Groves, 1974; Patterson ef
Watkinson, 1984).

c) Llassocialion mullérile-violarile-pyrite peut se
présenter dans un diagramme Ni-I'e-S sur une méme
droit de compatibilité. Cet assemblage hors équilibre
peut traduire, comme cela a déja été observé (Patter-
son et Watkinson, 1984), une transformation liée au
métamorphisme, ol le cobalt pourrait jouer un role
stabilisateur.

d) La sphalérile se caractérise par une faible teneur
en fer, 0.6 % et une teneur importante en man-
ganese: 4 4 7,5 % dans les deux cas. La présence
de la pyrite et 'absence de la pyrrhotite sont as-
sez caractéristiques pour permettre une évaluation de
quelques parameétres. En particulier, 1l est possible de
fixer la fugacité du soufre a 107 et la température
d’équilibre au voisinage de 300° C (Barton et Skinner,
1967). Si Pon tient compte des teneurs en manganese
de la sphalérite et de la galéne, on peut évaluer un
coéflicient de partage Ln(K”)=MuS (dans ZnS)/MnS
(dans PBS)=3. Cette valeur élevée est trés en dehors
des diagrammes de Bethke et Barton (1971), mais cor-
respond, dans les limites d'une simple extrapolation, a
une température d’équilibre faible et compatible avee
celle estimée par d’autres voies, soit T% C < 300° C.

V. Conclusions

Les observations microscopiques et les analyses
ponctuelles réalisées permettent de donner les condi-
tions de formation de ces paragenese: pll élevé de
Pordre de 8, Eh réducteur de ordre de 0,5 en aceord
avee la valeur estimée de la fugacité du souflre 107> a
1075, une fugacité d’oxygéne faible de Pordre de 1077
et enfin une température d’équilibre de 3007,
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Pour les concentrations des Hautes Pyrénées, on
peut donc imaginer un métamorphisme modéré sur des
caleaires riches en manganése, associé a des venues pro-
fondes de S et peut-étre aussi des apport de nickel et
de cobalt.

La violarite n’étant pas due ici & une transforma-
tion de pentlandite. L’activité hydrothermale couplée
4 un métamorphisme modéré peut conduire a des
conditions physico-chimiques favorables aux associa-
tions des phases manganésiferes avec des dépots-d’or
(Sidorov et al., 1980).

La présence de l'or est trés faible dans les. gise-
ments pyrénéens alors que dans les Monts Métalliferes
cette présence est nette et diversifiée (tellurures et sul-
fotellurures d’or et d’argent). Cette différence remar-
quable entre I’évolution des phases pour chacun des
cas analysés indique une évolution tardive différente
des milieux de formation. Le caractére réducteur du
milieu, compatible (Seward, 1973) avec la succession
des sulfo-tellurures d’or et d’argent est préservé dans
le gisement de Sacdrimb (Monts Métalliferes), alors
que dans les Hautes Pyrénées les conditions devien-
nent oxydantes, comme en témoignent les remplissages
tardifs en oxydes de manganése (Perseil, 1971). Cette
oxydation tardive du milieu peut-étre a 'origine d’une
migration tardive de l'or.
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L’ALABANDITE DANS LES GISEMENTS DE ROUMANIE
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Key words: Sulfides. Alabandite. f’aragcneéis. Mineral assemblages. Hydrothermal
process. X-ray data.

Abstract: Alabandite in the Deposits of Romania. Romania is well-known for its classi-
cal alabandite mineralizations; furthermore, the Sicirimb occurrence is unoflicially con-
sidered to be the first locality of the "black manganese mineral” considered a sulphide
by Reichenstein (1784) and accordingly called "schwarze Blende”. The ore deposits con-
taining alabandite are hydrothermal either of gold /silver type, with tellurides (Sidcirimb)
or without (Ciraci, Rogia Montan3, Breaza) or of the polymetallic lype (Baia de Aries,
Cavnic). There is only one exception - the alabandite at Argestrut (Vatra Dornei)
associated with the metamorphosed manganese deposit. As for the hydrothermal oceur-
rences, the prevailing nonmetallic minerals accompanying the alabandite are carbonates

(rhodochrosite, Mn-calcite) and manganese silicates (Mn-pectolite, thodonite).

La présence de Palabandite dans certains gisements
de Transylvanie, plus précisément a Sdcarimb, a été
signalée sous la dénomination générique de "schwarze
Blende” ou ”Schwarzers” longiemps avant qu'elle soit
reconnue comme une nouvelle espéce minérale; cela en
raison de la fréquence du minéral, de son apparition
sous forme cristallisée (octaédres) el de son associa-
tion aux tellurures, plus particulierement au nagyagite
© (SacArimb). minéral qui a fait sensation lors de sa
découverte ot a attiré de nombreux chercheurs de
renom aux’ XVIII® — XIX® siceles (Fig. 1).

Trois modes génétiques d’alabandite sont reconnus
sur le territoire de la Roumanie: le type hydrothermal-
filonien (Sacarimb, Rosia Montana, Caraci, Cavnic,
Baia de  Aries partiellement), hydrothermal-
métasomatique (Baia de Aries — prépondérant) et
Palabandite associde aux minerais carbonatiques de
manganese (Argestrut, Vatra Dornei). Comme po-
sition génétique, I'alabandite suggere des conditions
épithermales (solutions riches en manganese ot hy-
drogéne sulfuré) et métamorphigues (sans doute
hydrothermales-métamorphiques, comparables au do-
maine épithermal). La présence de la rhodochrosite
(£ rhodonite, parfois Mn-pectolite), en quantité
appréciable, dans les gisements de sulfures, constitue
un élément symptomatique de Papparition possible de

I'alabandite en association.

L’alabandite de Sdcdrimb. De par 'occurrence de
Sacirimb, la Transylvanie détient, de fagon non offi-
cielle, la primauté mondiale quant & la découverte du
“minerai noir de manganese” (Hintze, 1904). Reichen-
stein (1784; d’apres Iintze, 1904) remarque le pre-
mier la nature sullidique du minerai noir de Sacarimb,
qu’ll appelle "schwarze Blende”, en le distinguant des
oxydes et hydroxydes de manganese auxquels il avait
été assimilé jusque-la. Les analyses chimiques de ce
minerai, effectuées par Bindheim en 1784, Klaproth
en 1802, Vauquelin en 1805, Gehlen en 1806 (d’apres
Hintze, 1904). dépistent de maniére crronée dans
sa composition, a coté du manganése (exprimé sous
forme de pyrolusite), du soufre, ainsi que la présence
de SiO» et CO4. D'autres analystes (Proust, 1802;
Gehlen, 1811; d’apres Hintze, 1904) considérent le nou-
veau minerai, dénommé par Karsten (1808; d'apres
Ilintze, 1904) "Manganglanz”, comme étant un sul-
fure de manganése. La premicre détermination chim-
ique quantitative correcte (Mn=062,10 %, S=37, 90%),
effectuée sur un matériel provenant de Sacarimb, ap-
partient a4 Arfvedson (1822; d’apres Hintze, 1904).
La composition chimique obtenue de la sorte est
définitoire aussi pour la formule chimique du nouveau
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minéral, dont la paternité a été attribuée a4 Beudant
(1832; d’apres Strunz, 1982).

La dénomination d’”alabandite”™ donnée par Beu-
dant (1832) au minéral "Manganblende” — par laquel-
le Breithaupt (1818; d’aprés Hintze, 1904) nominal-
isait l'ancien ”"Manganglanz”, décrit de Sacarimb et
inclus dans "la famille des blendes” définie par Haus-
mann (1813; d’aprées Hintze, 1904) - reprend la filiere
mexicaine, soit 'appellation de ”alabandina sulfurea”,
sous laquelle Del Rio (1804; d’apres Hintze, 1904) avait
décrit. le meme minéral, provenant du Mexique, et
écarte malheureusement la primaulé des occurrences
de Transylvanie.

Les premieres mentions quant aux occurrences de
Sacarimb, apres lattestation de alabandite comme
une nouvelle espéce minérale, appartiennent & Brei-
thaupt (1849; d’apres Zepharovich, 1859) reprises par
Acker (1855). Hingenau (1857), reprenant des données

du manuscrit de Debreczényi! sur Saciarimb - tel qu’il

'Debreczényi . (1844 7) "Bergimdnnisch geognostische No-
tizen iiber Nagyag und dessen nichste Umgebung” (manuscrit).

{ \l Institutul Ge
IGR:

le mentionne lui-méme — ébauche la paragenese avec
des tellurures et du quartz rose et fait mention
de cristaux maclés d’alabandite.  Des données de
grande valeur quant & la parageneése de ’alabandite de
Sacarimb - association a des tellurures, de la pyrite,
tétraédrite, sphalérite, du quartz et de la rhodochrosite
-et concernant la cristallographie de ce minéral nous
sont offertes par Zepharovich (1859, 1873, 1893), dont
les considérations ont en vue les observations faites
quant au macles de forme tétraédrique reconnues par
Peters (1861) et aux concrétions de macle circulaire
(composée de cing octaédres), remarquées par Schraufl
(1866; d’aprées Zepharovich, 1873). Cotta et Fellen-
berg (1862) signalent la présence de la dolomite en
association avee 'alabandite et indiquent la succession
de cristallisation. Hauer et Stache (1863) délimitent
la répartition spatiale de I’alabandite de Sac#irimb (le
périmetre Frasinata), sa superposition aux zones a tel-
lurures. Des informations ultérieures sur ’alabandite
de Transylvanie sont fournies par Téth (18582), Koch
(1884) et Bielz (1889).

Dans le premier ouvrage monographique roumain

ologic al Romaniei
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consacré au patrimoine minéralogique du pays, Cadere
(1925), faisant suite & Poeuvre de Poni, compléte
l’association de I'alabandite de Sacarimb avec de nou-
veaux composants minéraux (miargirite) et décrit des
cristaux qui présentent les faces (100), (111), (212).
Helke(1934) donne des interprétations sur la structure
et la texture en bandes alternantes de I'alabandite et de
la rhodochrosite, ainsi que sur les relations génétiques
existant entre I'alabandite, la pyrite et les carbonates,
constatant que l'alabandite est recouverte de pyrite
et englobée dans la rhodochrosite. Dans le cas du
gisement Sacarimb, 'alabandite est caractéristique des
corps Carolina et Longhin. La relation d’englobement
et de substitution de I'alabandite par la rhodochrosite
est mentionnée aussi par Petrulian (1934). Giugea
(1935) mentionne la succession de début suivante de
la minéralisation dans les filons de type Magdalena:
sphalérite, alabandite, galénite. Dans un ouvrage de
synthése sur les Monts Métalliferes, Ghitulescu et So-
colescu (1941) signalent Palabandite dans le champ
minier Magdalena. Koch et Dondth (1950) analysent
Palabandite de Sacirimb - a base d’échantillons des
musées de Budapest — en la comparant a la hauerite
de Kalinka (Monts Javorite, Slovaquie) et déduisent les
rapports génétiques avec les minéraux de P'association.
Ridulescu et Dimitrescu (1966) ainsi que lanovict et al.
(1969, 1976) rappellent cette importante oceurrence.

Nos observations sur 'alabandite de SAcarimb re-
posent sur les échantillons du Musée de Minéralogie de
I"Université de Cluj, ol I'on remarque de alabandite
massive déposcée en filons, associée & la rhodochrosite,
la calcite, la pyrite et le quartz (cristaux de la taille de
1 cm environ) qu’elle inclut, Dans les géodes (1 x 3 cm)
apparaissent des cristaux octaédriques d’alabandite
(en dessous de 1,5 em), souvent recouverts totale-
ment ou partiellement d'un crotite de quartz (1 mm
environ en épaisseur) (Pl 1, fig. 1,2); on remar-
que accidentellement des cristaux de soufre, super-
posés a l'alabandite des géodes. Clest de Sacarimb
que proviennent les plus beaux cristaux d’alabandite
de Roumanie.

En  sections minces elle
(briinatre, tachetée), présente un clivage parfait (100)
est isofrope et est traversée de petils filons de
rhodochrosite qui provoquent sur les bords la corro-
sion de l'alabandite et son inclusion sous forme de
microfragments (Pl. I, fig. 3). Au calcographe
on distingue la couleur de réflexion gris clair, les
réflexes internes verdatres et la présence des microin-
clusions de chalcopyrite, pyrite et marcasite (P11, fig.
1). Les valeurs diffractométriques, caractéristiques de
Palabandite, sont consignées au tableau 1.

est  semi-transparente

L’alabandite de Bara de Aries.
ographique la plus ancienne dont on dispose, relative
a P’alabandite de Baia de Arieg coineide avee la mono-

La source bibli-

73

graphie minéralogique de Ackner (1855), élaborée,
comme de bien entendu, sur la base de sources bib-
liographiques qui ne sont pas mentionnées. Ackner
indique la paragenese de 'alabandite, de la sphalérite,
de la galénite et de la rhodonite. Zepharovich (1859,
1873) décrit des occurrences d’alabandite massive et
sous forme de bandes ou aux contours irréguliers,
dans les zones minéralisées des calcaires cristallins.
Par la suite, les informations sont reprises par Téth
(1882) et Bielz (1889).
ment 'alabandite de Baia de Aries, tel que le [ont
aussi Ghitulescu et Socolescu (1941), Superceanu et
al. (1954, non publ.), Cochet (1957). D’autres men-
tions, plus récentes, appartiennent a Radulescu et
Dimitrescu (1966), Lazar (1966) qui confirment la sub-
stitution sélective de I'alabandite par la rhodochrosite
(conservée dans la masse de celle-ci) et remarquent
la succession de cristallisation:  pyrite-sphalérite-
galénite-chalcopyrite-tétraédrite-alabandite; lanovici
et al. (1969, 1976) reprennent en partie les observa-
tions précédentes.

Cadere caractérise sommaire-

L’alabandite semble s'étre déposée plus abondam-
ment dans des zones plus écartées des voles d’acceés
des solutions hydrothermales, en association avec des
silicates et des carbonates de manganése, avec des sul-
fures (Fe, Pb, Zn, Cu).

L’alabandite du gisement polymétallique (Valea
Lacului) de type hydrothermal — métasomatique (en-
gendrée par des corps sous-voleaniques d’andésites
néogenes) s'associe au minerai plombo-zincifére et se
caractérise par des masses compactes et des ban-
des métasomatiques (texture Liesegang), constituées
d’agrégats granulaires de couleur noire, ou apparais-
sent tres rarement des cristaux (1-2 m) partielle-
ment bordés de faces (cube, cube avec octaédre);
minéralogiquement, elle s’associe a la calcite (I, 1),
a la rhodochrosite (I, II); la seconde génération
de rhodochrosite — calcite traverse, sur les fissures,
I'alabandite (Pl 11, fig. 2, 3). La minéralisation avec
la pyrite, la galénite et la sphalérite se produit par
vole métasomatique et imprégnante dans les calcaires
cristallins mésométamorphiques paléosomatisés (Unité
de Baia de Aries), les sulfures étant contenus dans tous
les minerais de gangue de premiére génération, y com-
pris dans Palabandite (PL I, fig. 1, 2, 3).

In I'alabandite est faiblement
macles,
noire-verdatre et de lisotropisme; elle s’associe a
la rhodochrosite et a la calcite qu’elle contient
fréquemment comme inclusions, mais aussi & la Mn-
pectolite (parfois partiellement calcitisée), sporadique-
ment a la trémolite et au quartz. La Mn-pectolite,
la trémolite et la calcite-thodochrosite de premiére
génération ont préexisté a Palabandite (Pl IV, fig.
1); le quartz hydrothermal est disposé aussi le long

sections  minces,

transparente, présente  des une teinte
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Tablean 1
Le spectre de diffraction Rx des échantillons analysés

ALABANDITE
Sdcarimb”® Baia de Arieg®® Clraci®® Argestrut ASTM
(Tebea) (Vatra Dornei)
_ (Bilan, 1976)
d/n(A) 1 d/n(A) I d/n(A) I d/n(A) I d/n(A) I
3,0153 3.9 | 3,0173 3.5 3,0153 4,8 - - 3,015 14
2,6047 100,0 | 2,6047 100,0 26077 | 100,0 2,60 | 100,0 2,612 | 100
1,8433 23,8 | 1,8433 27,5 1,8433 35,7 1,84 31,0 1,847 50
= = | 1,7911%** 3.7 = = = - - -
1,6310 3,0 | - 1,5724 | 4,0 = | 1515| 6
1,5042 55 | 1,5060 59 | 1,5051 | 7,8 1,50 | 10,0 | 1,509 | 20
1,3034 4.0 | 1,3052 3.0 | 1,3006 | 2,0 1,30 | 13,0 | 1,306 | 8

Par diffractométrie il a été mis en évidence aussi des réflexes spécifiques pour la
rhodochrosite™ et le quartz™ (non inclus dans le tableau), minéraux associés a 'alabandite.
TEValeur attribuée par Miheev (1957) a4 l'alabandite.

des clivages des silicates ainsi que dans les vides
résultés par intersection de ces cristaux prismatiques.

L’alabandite se substitue métasomatiquement an
cristallin et,  plus sili-
cates raison pour laquelle elle dessine des contours
irréguliers et contient comme inelusions des minéraux
antérieurement formés. Par conséquent, 'alabandite
est le résultat de la métasomatose hydrothermale, sous

calcaire rarement, aux

Peffet d'une récurrence avec des solutions riches cn
manganeése sur le calcaire eristallin et la minéralisation
préexistante (la séquence avee des silicates, des carbon-
ates et des sulfures). La succession de cristallisation
est: Mn-pectolite, trémolite, caleite |, rhodochrosite
I, quarlz, sulfures (pyrite, chalcopyrite, sphalérite,
galénite), I
Par une légere altération supergene de 'alabandite

alabandite, calcite 1I, rhodochrosite
résultent des hydroxydes de manganese.

L’étude ealcographique de Palabandite réveéle une
structure hélérogranulaire, conservant. fréquemment le
contour quasi polygonal des granuloblastes de calcite
du caleaire eristallin métasomatisé (PL. IV, Fig. 2). La
couleur de réflexion est grise, plus brillante que celle
de la sphalérite de association, et le relief plus bas;
au microscope on distingue quelquefois des faces de
cube; les réflexes internes verdatre foncé constituent
une note distinete du minéral.  L'alabandite con-
tient des inclusions de pyrite, marcassite, sphalérite,
galénite, carbonates (rhodochrosite, calcite) et de
quartz; dans la gangue carbonatée on distingue ac-
cidentellement A son tour, la
minéralisation a alabandite est traversée de petits
filons de rhodochrosite-calcite, de derniere génération.

Dans 'alabandite surviennent parfois des taches au
relief sensiblement plus élevé et a la couleur aux reflets

des lamelles d’or.

gris, plus foneée comparativement a Palabandite, sans

doute de la hauérite.  Le tableau | présente 'analyse

roentgénographique de 'alabandite.

L’alabandite de Ciraci. La premiére mention faite
de I'alabandite de Caraci, prés de Tebea (Brad) appar-
tient a Benko (1886, 1887), qui mentionne des agrégats
granulaires, sur la rhodochrosite et dans- les géodes
de la rhodochrosite, en 'absence de toutes formes
cristallographiques. Par la suite, les méme informa-
tions sont reprises successivement par Bielz (1889),
Zepharovich (1893), Cidere (1925), Radulescu et Di-
mitrescu (1966).

Les échantillons que nous avons analysés® révelent
de Palabandite granulaire incluse dans la rhodochrosite
- a laquelle elle s’associe et se subordonne -, du quartz
et, fréquemment, des microcristaux de pyrite, - y
compris des cristaux octaddriques disposés en géodes
(1 x 2 em), couvertes d*une pellicule crustiforme de
carbonate (0,10 mm en épaisseur), de couleur brun-
verdatre empruntée par transparence au minéral sup-
port. La paragenese a I'alabandite, rhodochrosite et au
quartz cristallisé représente une minéralisation super-
posée & une autre plus ancienne; représentée par duo
quartz vacuolaire, enclavé dans la masse du minéral
contenant de P’alabandite, et parcouru sur les fissures
par l'alabandite. La roche support de la minéralisation
est un andésite & hornblende et biotite, intensément
hydrothermalisé (adularisé, séricitisé, silicifié)

En sections fines 'alabandite est légerement trans-
parente, a une couleur brunatre a faible teinte
verdaire, un bon clivage et renferme des inclusions
de rhodochrosite; les minéraux liote oll se trouvent
les nids d’alabandite sont la rhodochrosite el, de
fagon subordonnée, la Mn-pectolite (incolore) & strue-

ture fibroradiale (Pl. 1V, fig. 3).

Le quartz de

Eehantillons du Musée de Minéralogie de 'Université
Babeg-Bolyai” de Cluj-Napoca.
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Fig. 2 Le spectre de lluorescence de rayons X, pour alabandite de Sacivimb

I'association, terme final, corrode les deux autres
minéraux non métalliques. ;

Au calcographe, 'alabandite se. distingue par une
couleur de réflexion caractéristique et renferme des
inclusions de pyrite et de chalcopyrite, comme
la rhodochrosite et la Mn-pectolite.  La succes-
sion de cristallisation est la suivante: Mn-peetolite,
rhodochrosite, pyrite, chalcopyrite, sphalérite, alaban-
dite, quartz. Au tableau | sont présentés les résultats
de l'analyse diflfractométrique de Palabandite.

e

L'alabandite de Cavnic. Ackner (1855),
faire d’envois bibliographiques aux auteurs précédents,
mentionne le gisement. de Cavnic parmi les occurrences
contenant de 'alabandite en Transylvanie, minéral as-

“socié A la paragenése avece des sulfures et des sulfosels.
Cotta et Fellenberg (1862) soulignent intéret pure-

Sl

AR  |nstitutul
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ment minéralogique de I'alabandite de Cavnic et
des minéraux en association (quartz, rhodochrosite,
galénite, pyrile, tétraédrite, marmatite, baryte, cal-
c¢ite, etc.). Certains aspects cristallographiques de
'alabandite sont consignés dans I'ouvrage de Vivenot
(1869), qui identifie la forme d'octaedre. Des re-
marques intéressantes d’ordre minéralogique sont dues
a Reuss (1870) sur -un échantillon du Musée de
'Université de Vienne, représenté par une pseudo-
morphose de rhodochrosite apres alabandite et par
Palabandite compacte de couleur noir-verdatre.

Les informations fournies par Reuss ont été
reprises par Toth (1882) et Zepharovich (1873, 1893),
ce dernier revenant avee des précisions cristallo-
graphiques supplémentaires, provenant de 'ouvrage
de Groth (1878; d’apres Zepharovich, 1893), ou sont

Geologic al Romaniei
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décrits des cristaux individuels et des macles ayant
comme plan de macle la face de tétraedre (111): Des
informations générales existent aussi dans les travaux
de Céadere (1925) et Radulescu et Dimitrescu (1966).
Ces derniers temps 'alabandite n’a pas été signalée a
Cavnic, sur la base des observations directe dans le
gisement; sont apparition est sans doute rattachée &
certains niveaux des filons a rhodochrosite.

Breaza (Alamasu Mare). Une premiére mention bib-
liographique concernant 'alabandite du massif Breaza
est fournie par Ramdohr (1975), reprise par la suite
par Radulescu el Dimitrescu (1966), lanovici et al.
(1969); la minéralisation avec de I'alabandite dans cer-
tains filons du massif Breaza est reconfirmée,

L’alabandite de Argestruf (Vatra Dornet). C(Uest un
minéral métallique de couleur noire (équigranulaire),

associé a des carbonates et & la téphroite, existant
dans des minerais voleanogénes-sédimentaires de man-
ganeése, épimétamorphosés (Balan, 1976). Au micro-
scope, on reconnait sa couleur vert-olive, vert-brun et
brune, variation due & sa teneur en fer,

Il est évident que, dans les memes conditions
génétiques, l'alabandite est présente aussi dans
d’autres gisements (occurrences) de Roumanie, mais
la couleur noire des hydroxydes supergenes de man-

ganése la masque.

Les investigations bibliographiques relatives a
I’alabandite de Roumanie ont attiré notre attention
sur les confusions portant sur les aspects historiques
de la primauté de la description de ce minéral dans
différentes occurrences et, quelquefois méme, sur la
véridicité des occurrences citées. A part les occur-

4 \l Institutul Geologic al Romaniei
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Tableau 2
Analyse quantitative de "alabandite par fluorescence de Rx

77

L’élément déterminé et | Concentration des éléments déterminés
la longueur d’onde du | dans les échantillons d’alabandite (%)*
pic de fluorescence Rx | Sicirimb | Baia de Arieg Ciraci
Mn, Ko - 210,9 nm 51,8 57,5 -
Mn, Kg - 191,3 nm 53,0 54,2 -

Fe, Kqa = 194 nm _ 06 0,7 0,3
Fe, K5 - 175,7 nm 0,9 0,5 0,45
Cu, Kq - 154, 4 nm 0,6 0,3 0,3
Cu, Kg - 139, 5 nm 0,7 0,4 0,4
Zn, Ko — 144 nm 0,7 0,35 0,3
Zn, Kg - 129, 7 nm 1,0 0,6 0,5
Pb, Ly - 117,3 nm 0,2 0,8 0,1
Pb, Lg - 96,5 nm =03 0,2 0,2

x Echantillons sélectionnés sous la loupe binoculaire.

rences décrites, la littérature de spécialité mentionne
aussi d’autres points recelant des sulfures de man-
ganése (alabandite, hauérite), en Roumanie, lesquels
sont contestés aujourd’hui ou prétent a suspicion; nous
reviendrons la-dessus dans ce qui suit.

Zirnegti (Bragov). Ackner (1855, p. 336) cite
Palabandite au lieu dit ”Fontina Rones” (probable-
ment ”Fintina Roneti”). La méme occurrence est
reprise dans des écrits ultérieurs (Zepharovich, 1859;
Téth, 1882 et Koch, 1884), ol est placée sous le
signe du doute la valabilité des affirmations concer-
nant 'occurrence d’alabandite de Zirnesti, contestée
ultérieurement par Zepharovich (1893) aussi.

Hauérite (MnS,). La présence de la hauérite & Mo-
neasa est citée par Cadere (1925) et par Radulescu et
Dimitrescu (1966), mais elle n’a pas été conlirmde par
des études récentes.

Tableau 3
Détermination de la teneur en manganése, au moyen de
Iactivation par les neutrons

Analyse par fluorescence de rayons X*. Elle a mis
en évidence dans les échantillons analysés (tab. 2):

*Les analvses ont été réalisées au moyen d'un spectrometre
de fluorescence X, civtype SPARK -1, de [abrication soviétique.
L appareil ne peut pas détecter des éléments au 2 plus bas que
celui du titane et a une zone "blanche” autour de 'étaine (de

Cd a Cs).

Mn, Fe, Cu, Zn et Pb, les quatre derniers éléments
étant lies, dans Pordre, a la pyrite, la chalcopyrite,.
la sphalérite et la galénite, sulfures présents dans
’association. En vue de prévenir d’éventuelles erreurs,
il a été vérifié pour le Mn la teneur au moyen de la
méthode de I'activation par des neutrons (tab. 3). Ev-
idemment que la teneur en Mn dépend de la pureté des
échantillons; pour ce qui est de I’échantillon de Baia de
Aries, la teneur est trés proche de la teneur théorique.
" En conclusion, sur le territoire de la Roumanie
sont preésentes des occurrences a alabandite hydrother-
male, déposée en filons (Sacarimb, Rosia Montana,
Céaraci, Cavnic, partiellement Baia de Arieg) et
hydrothermale-métasomatique (Baia de Arieg). 1l est
mentionné une seule eccurrence a alabandite associée
aux minerais silicatiques-carbonatés, métamorphosés
(Argestruyg, Vatra Dernei).

L’alabandite hydrothermale s'est déposée de fagon
mono- ou polyascendante de solutions épithermales &
Eh réducteur, riches en manganése et H»S, en associ-
ation avec la rhodochrosite, la Mn-pectolite, le quartz
et les sulfures communs (Cavnic, Baia de Arieg) ou
avec des minéralisations d’or et de tellure (Sacarimb,
Caraci, Rogia Montand). Les analyses microscopiques,

Occurrence de Péchantillon | Concentration en Mn les spectres de rayons X révelent les minéraux de
d’alabandite (%) I'association et les spectres de fluorescence de rayons

Sicirimb 48,3 X illustrent. les associations géochimiques.

Baia de Aries 63,1

Ciraci (Tebea) 54 4 Bibliographie
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Planche I

IMigs.  1-2 — Cristaux octa-
édrigues  d’alabandite  (Sici-
rimb).

Pig. 3 - Alabandite (noire)
traversée el incluse (Mragments)
de petits filons & rhodochrosite
(1) caleite (7). IN; 45 x
{SAacarimb).
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MARZA I. et al. - ALABANDITE DE ROUMANIE

Planche Ii

Fig.1 - Alabandite & inclusions
de pyrite; section polie. 1Nj 45
x (Sacarimb).

Fig. 2 - Alabandite (noire}
hydrothermale - métasomali-
que dans du caleaire eristallin,
traversée par un petit filon &
rhodochrosite échantillon, Baia
de Aries).

Fig. 3 - Alabandite (noire),
hydrothermale - métasomati-
que  dans  des  calecaires
cristallins (échantillon, Baia de

Aries).
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Planche ITI

IMigs. 1, 2, 3 - Mineralisation
hydrothermale-métasomatique
dans des calcaires cristallins
(CC): association aveo alaban-
dite {A), rhodochrosite (1),
Mn-pectolite (I7) et bandes des
sulfures  (sphalérite, galénite,
pyrite) (S) (Baia de Avies.
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Planche IV

IFig. 1 - Alabandite (noire),
rhodochrosite  microgranulaire
(IR) et Mn-pectolite (libroradi-
ale; P). IN: 75 x (Ciraci).
Fig, 2 - Alabandite (A) a
structure granulaire  (résultée
par la métasomatose du cal-
caire cristallin granoblastique},
prise dans une gangne car-
bonatée; section polie, IN; 45
x (Baia de Arieg).

Fig 3 - Association d’alabane-
ite (noire), de rhodochrosite
(microgranulaire) (R) et de
Mn-pectolite (fibres) (IP). IN;
45 x (Bain de Arieg).
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NEW DATA REGARDING THE SIGNIFICANCE OF THE PYRITE
MORPHOLOGY AND OF THE FLUID INCLUSIONS IN QUARTZ

CRYSTALS AT BAIA SPRIE

Liviu NEDELCU, loan PINTEA

Institutul de Geologie si Geofizicd, Str. Caransebes 1, 78 344 Bucuresti 32.

Key words: Sulfides. Pyrite. Habit, Fluid inclusions. Crysta.lliza,tidn‘ Temperature.
Solution. Saturation. Hydrothermal processes. Fast Carpathians.

Abstract: Pyrite of Main Vein at Baia Spric displays two principal morphologic trends
also defining two distinct domains in the plane of vein. One domain, situated at
the upper part, is represented by cube-pentagonal dodecahedron (C-P) trend which
corresponds to low supersaturation-high temperature (S;,-Ty) comdlitions. The other
one, at lower part (under level XIII), is characterized by cube-oclahedron-pentagonal
dodecahedron={hkl}(C-O-P+{hkl}) trend and corresponds to high supersaturation-low
temperature (Sy-TL) conditions. The paragenetic quartz crystals contain many types
of fluid inclusions which are in a positive relationship with crystal growth zones. - The
Tmi/Th diagram indicates that with decreasing of temperature there is an obvious evo-
lution of the initial fluid, poor in gases and of low concentration, to a more concentrated
final liquid phase. The relationship between homogenisation temperature and quartz
crystal zonality would suggest that the hydrothermal process at Baia Sprie is monoascen-
dent. Fluid inclusions data render also evident a superposition on the pyrite morphology

domains.

1. Introduction

The present study aims to continue our previous
researches (Nedelcu et al., 1992) both on the pyrite
morphology and on fluid inclusions in quartz from the
Baia Sprie Main Vein with a view to recoristructing the
mechanism and evolution of the hydrothermal process.

Our researches took into consideration the works of

Sunagawa (1957), Amstutz (1963), Endo (1978), Endo
and Sunagawa (1973), Murowchick and Barnes (1987)
on the pyrite morphology and its dependence on the
physico-chemical conditions of the hydrothermal sys-
tem as well as the fundamental studies of Crawflord
(1981), Roedder (1984), Hedenqvist and Ienley (1985)
on the fluid quartz inclusions.

The study was carried out on 297 pyrite and quartz
samples collected from nine active horizons (gallery
+516 and horizons IX-XVI), from the quarry (Minei
Hill), and from six boreholes situated in the eastern
half of the deposit (507, 508, 511, 511A, 529, 536).

The sampling had in view a good representation of

the crystalline forms of pyrite within the deposit min-
eral parageneses as well as the achievement of a high
statistic homogeneity.

2. Pyrite morphology

Pyrite from the Main Vein at Bala Sprie shows
eight characteristic crystallographic forms: cube a
{100}, octahedron o {111}, pentagonal dodecahedron .
e {210}, {321}, {421}, {311}, {211}, {110} combined
in seven habits: cubie (C), cubic-octahedral (CO),
cubie-pentagonal (CP), pentagonal (P), pentagonal-
cubic (PC), pentagonal-octahedral (PO), octahedral
(0O), and the ecighth one, resulting from the combi-
nation of the dominant forms (a, o, e¢) with undeter-
minable forms {hkl}. There have also been determined
(Nedelcu et al., 1992) forms with negative striae as well
as forms with negative and positive striae superposed
on the same crystal.

The frequency of these habits on horizons is pre-
sented in Table 1 which shows the following facts:

— the frequency of the cube forms (C) increases with
depth but especially under horizon XIII;

- the frequency of the combinations of cube with oc-
tahedron (CO), though of reduced percentage as com-
pared to that of the cube, also shows a rise tendency
under horizon XIII;
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Table 1
Average frequency of pyrite habits on the mining levels (%)

Mining {hkl}
level C CO CP P PC PO O forms
+516 23 - 244 128 541 - E BT
IX 35.9 1. b33 3.6 L3 = - 0.1
X 36.7 0.9 47.1 21 A3 13 0.2 06
XI 40.3 0.3 40.8 | 152 0.1 - 0.2
XII 48.7 0.3 36.4 6.2 3.0 - - 03
X111 21.5 0.8 67.9 4.0 1.6 0.1 0.2 1.0
X1V 55.6 11.4 17.0 8.3 56 0.1 0.6 0.01
XV 54.3 11.7  20.5 29 183 0.01 - 21
XVI 67.3 17.1 7.6 4.5 14 005 0.8 1.5

~ the high frequency domain for the combinations
of cube with pyritohedron (CP) lies also at the upper
part of the Main Vein, between horizons IX and XIII;

— the pyritohedron forms () show insignificant vari-
ations of the frequencies, which are low, and the com-
binations of pyritohedron with cube (PC) have a very
high frequency at the horizon of gallery 4516 in the
structure top;

- the combinations of pyritohedron with octahedron
(PO) as well as the forms of octahedron (O) and {hkl},
although showing the lowest frequencies, suggest by
their occurrence and association with the other forms,
certain variations of the crystallization conditions.

On the whole the frequency of the pyrite habits from-

the Main Vein reveals the following distribution: the
CP forms situated at the upper part of the vein (up
to horizon XIII) and the forms C and CO at its lower
part (under horizon XIII).

The recent experimental researches carried out by
Murowgchick and Barnes (L987) concerning the eflects
of temperature and degree of supersaturation on the
habit of hydrothermally grown pyrite prove the indi-
cator role which the pyrite morphology (habit, face
microtopography) may play in the estimation of the
crystallization conditions.

A comparison of the pyrite morphology at Baia Sprie
with that resulted from these rescarches shows their
good correlation on three concentration-temperature
domains, as follows (Tab. 2):

a) high supersaturation-low temperature (Spy-17)
suggested by perfectly smooth cubes;

b) low supersaturation-high temperature (Sg-Typ)
revealed by weakly striated cubes with small octahe-
dral faces;

¢) high supersaturation-high temperature (Sy-Tg;)
marked by rough cubes (strongly striated), by the de-
velopment of the octahedral forms as well as of those
of pyritehedron and trapezohedron (in the case of the
quench crystals).

It can be mferred, according to Murowchick and

Barnes’s determinations (1987) that the general se-
quence indicating the inereasing degree of the super-
saturation is from cube to octahedron to pyritohedron,
and is in accordance with the series of morphological
variations determined by Sunagawa (1957). Less com-
mon forms such as {311}, {110} as well as the {hkl}
forms would be probably situated in this sequence be-
tween the octahedral and pyritohedral forms.

Table 2
The frequency of supersaturation and temperature
parameters (%)

Mining .

]e\'el S;,—TH S”-T” SH—TL
Quarry + 100.0
Gallery 516

X 25.0 75.0
X 33.3 66.7
XII 16.7 33.3 50.0
XIIT 5.6 27.8 66.6
XIV 38.5 19.2 42.3
XV 33.3 7.4 59.3
XVI T1d 50.0 38.9
Under :

level XVI 333 66.7

Starting from the fact that the pyrite morphol-
ogy may deline various concentration-temperature do-
mains of the hydrothermal fluids, its mapping in the
straight plane of vein has been attempted. The im-
age resulted (Fig. 1) reveals the separation of two
main concentration-temperature domains: an upper
one of low supersaturation and high temperature (Sp-
Tyr) and a lower one. of high supersaturation and low
temperature (Sy-T7). At the boundary between the
two domains, which varies in width, apexes of high
supersaturation and temperaturve (Sy-Ty) of the hy-
drothermal solutions appear. which are in turn bor-
dered by cooling zones.
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Fig. 1 - Maodel of the hydrothermal process in the straight plane of the Main Vein — Baia Sprie. 1, boundary of the
mineralized zone; 2, boundary between the domains of the morphological trends of pyrite; 3, zones with trends: cube
C(a), cube-octahedron C~0O(b), cube-pentagonal dodecahedron C-F(c), cube-octahedron-pentagonal dodecahedron
+ {hkl} forms C-O-P + {hkl} (d); 4, pyritohedron with negative striae; 5, base of the boiling domain; 6, flow
direction of the endogenous fluids; 7, flow dircection of the meteoric water; 8, gold zone; 9, isotopic equilibrium; 10,
isotopic inequilibrium; 11, pyrite dissolution process; 12, quartz dissolution process; 13, low supersaturation — high
temperature; 14, high supersaturation - high temeperature; 15, high supersaturation - low temperature; 16, quench
temperature; 17, liquid inclusions; 18, gas (vapour) inclusions; 19, heterogencous fluid inclusions with solid phases;

20, descendanl deposition of the mineralization; 21, borehole.

The modification of the habit and topography of the
pyrite faces in this zone can be thus explained by the
modification of the erystallization conditions (i.e. con-
centration and temperature of the hydrothermal fluid).

3. Pyrite morphology trends

As it is already known, there is a general tendency
of combination of the crystal forms given by cube-
octahedron-pyritohedron sequence (Sunagawa, 1957,
Murowchick, Barnes, 1987). A statistics of the pyrite
habit trend from the Main Vein for each horizon is pre-
sented in Table'3. It shows that the habits are grouped

b3

/Y

in four main trends:
a) cube trend = C
b) cube-octahedron trend = C-O
¢) cube-pentagonal dodecahedron trend = C-P

d) cube-octahedron-pentagonal  dodecahedron+

faces {hkl} trend = C-O-P+£{hkl}
The plotting of these trends in the vein plane (Fig.
1) leads to the separation of two domains with different
morphological trends:

a) one with C-P trend, situated at the upper pa.rt of

the deposit, superposed on the S;-Ty concentration-
temperature domain;
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b) the other with C-O-P#{hkl} trend situated at its
lower part. corresponding to the Sy-Tp domain.

The zones of reduced dimensions with C and C-O
trends are located at the boundary between the lwo
main domains and correlate both with the high super-
saluration and temperature zones (Sy-Ty) and with
the cooling zones.

Table 3

The frequency of pyrite habit trend (%)
Mining C-0-I £
level C Cc-0 C-P {1tk1}
Quarry + 85.7 14.3
Gallery 516
IX 69.2 30.8
X (.32 2.5 313
XI 20.0 20.0
hel! 18.7 . 56.3 25.0
XIT1 4.2 25.8
X1V 23.1 2.6 359 38.4
XV 6.8 4.5  56.8 31.8
XVI 17.2 17.2 276 37.9
under I3x 333 33.3
level XVI

4. Flaid inclusions

The quartz crystals associated with the various para-
geneses from the Baia Sprie deposit contain three types
of fluid inclusions separated according to the nature
and number of phases presented in Table 4 as follows:

a) I type inclusions consist of a dominant liquid
phase and a vapour bubble representing 10-15 % of the
volume of the cavities (Plate, I'ig. 4). In the course of
the microthermometric experiments Te, Tmi and Th
have been determined (Tab. 4).

b) V type inclusions are almost entirely represented
by vapours associated with a thin liquid filim (Plate,
Fig. 6). On the whole they accompany L type, the ho-
mogenization temperatures being generally similar, a
fact indicating that they were simultaneously trapped
in the course of a boiling process.

¢) S type inclusions in which, beside liquid and
vapours, one or several solid phases are present, being
irregularly distributed from one inclusion to another,
even if these belong to the same generation (Plate,
Figs. 5, 7). Wilth a few exceptions (Plate, Fig. 3)
where the solid phases appear as characteristic agglom-
erations suggesting the presence of dawsonite, in most
cases these are not real daughter phases. They gener-
ally represent carbonate grains dispersed within fluids
before trapping. In many cases they are the very cause

of the formation of the fluid inclusions. They do not~

L. NEDELCU, I. PINTEA

usually dissolve when heated, which makes impossible
the determination of the fluid homogenization temper-
ature. The temperature at which the vapour bubble
disappears does not as a rule exceed 300" C (Fig. 2).
A
51 L+VeS —=L+S

304

FREQUENCY (%)

240 250 260 270 280 290 300
Th°C

g, ¢ Hhistogram of the temperatures of disappear-

ance of the vapour phase in the S type Huid inclusions

in which the solid phases remain undissolved. Sym-

bols: L=liquid; V=vapours; S=solid.

Thus the values of the dissolving temperatures ob-
tained by Pomarleanu in 1978 (Pomarleanu ct al.,
1985) cannot represent the real homogenization tem-
peratures as the vapour bubble disappears much be-
fore some of the solid phases melt. As it has already
been mentioned, the latter do not represent real daugh-
ter phases (Roedder, 1984). A main characteristic of
the quartz crystals at Baia Sprie is the obvious zon-
ality (Savul and Pomarleanu, 1961). An interesting
relationship can be noticed between the latter and the
distribution of the fluid inclusions in the sense that the
L and V types associate with the generally clearer in-
ternal zones (Plate, Figs. 1, 2), while those with solid
phases are as a rule distributed in the external zones
(Fig. 3, Plate, Fig. 7). In the vertical plane of the
Main Vein complete crystals (with the zone I and II)
prevail within the interval between horizons X-XIII,
where the co-existence of the L and V inclusions is
much more obvious. As the depth increases, the quartz
crystals are less zoned, while the cléar internal zones
lack altoghether. The homogenization temperatures
decrease from the cenfre towards the external zones
of the crystals and in the vertical plane of the vein
the temperature variations are sometimes insignificant
between horizons X-XVI. These facts lead to the idea
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Table 4
Microthermometric Parameters of the L Type Fluid Inclusions
from the Quartz Crystals of the Baia Sprie Deposit

Sample/ Salinity
level Te Tmi % NaCl weight Ty B
B9/X -28 | 4.6 7.20 342
-28 -4.6 7.20 286
Bi2/X ~23.6 -3.9 6.10 325
~27.0 4.6 7.20 273
B8/X -29.8 = 10.50 305
~28.0 -3.9 6.10 289
~24.6 -2.2 3.60 249308
B22/X - -3 to -1 1.9-1.7 A-
= -3.8 6.10 £
B29/XI -~ 26.4 12 15.90 221-235
B121/XI -24.6 6.4 8.40 -302
-32.0 —6.4 10.20 -310
B116/XI -32 -7 10.00 ~280
~23 -7 10.50 -298
~35.2 6.4 10.20 -308
B33/XI -154 138 17.50 222-231
B32/X1 233 0.6 13.50 182
-28.6 -9.6 13.50 258--259
B114/XIT 384  -16.4 19.95 161
B238/XIIT  -24.5  -11.1 15.10 273
-31.3  ~128 16.75 286-303
-30.8  -13.8 16.52 327
o9y <138 16.52 328
-26.8  -14.5 18.26 342
B232/X1T  -329  -14.5 18.26 329
-324 -15 18.69 278
-30.7 134 17.30 -
- -14.5 18.26 329
B235/XIII  -31.3 -15 18.69 327
. -4ld 7.6 11.21 327-347
BS50/XIV  -24.6  -12.0 16.10 117
BS54/XIV  -32.5  -14.6 18.44 284
-32.5  -114 15.45 300
-325  -11.8 15.84 300
-32.5  -12.1 16.14 261
T BS58/XV 482 -154 19.12 261
BS59/XV ~30.4 —-14.6 18.44 203253
B120/XV  -41.2  -16.4 19.95 282.5
BS69/XV ~-12.8 -12.8 16.68 209
-314  -114 15.45 229
-31.4  -12.8 16.68 352
-31.4 12.0 16.10 359
BS63/XV -33.0 -4.6 7.30 295
BS66/XV =364 -9.8 13.76 335
372 -12.0 16.10 264 -
BSG67T/XVI  -24.6 -8.8 12.65 200-217
-23.0 -5.6 10.00 228-240
BS68/XVI 280 88 12.65 377
-24.3 -6.2 9.47 294
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that the hydrothermal process at Baia Sprie is on
the whole monoascendent, the various parageneses de-
posited being the result of the physico-chemical varia-
tions undergone by fluids, mainly due to boiling. Ac-
cording to the distribution mode of the fluid inclusions
and of the metallic mineral parageneses (the presence
of wolframite and scheelite), the paroxysmal moments
of boiling are superposed on the zone between horizons
X-XIIIL

ZONE 1 ZONE T

Fig. 3 - Relationship between the quartz crystal zonality
and the types of fluid inclusions in the Baia Sprie miner-
alization. a, b, ¢, — L and V type fluid inclusions from
the internal zones (I); a’~f' - L and S type fluid inclu-
sions characteristic of the external zones (II) of the same
quartz crystals; L - liguid phase; V-vapours; S - car-
bonate grains dispersed in the Auid inclusions and in the
crystal mass; S — solid phases which, according to the
distribution mode and habit, might represent dawsonite
microcrystals.

The general trend of the Th and Tmi values for the
fluid inclusions at Baia Sprie on Hedenqvist and Hen-
ley’s diagram (1985) (Fig. 4) suggests the evolution

L. NEDELCU, I. PINTEA

of some fluids.poor in vapours in the sense of the in-
crease of their salinity as the temperature generally
decreases rather slowly. It is also worth noting that
both the presence of the solid carbonatic phases and
the very different Te values from those of the H,O-
NaCl system (Tab. 4) indicate that the salinity of the
fluids is mainly given by the presence of Ca and Mg

(Crawford, 1981).

A
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Iig. 4 - Th/Tmi diagram for the L, V and S fluid in-

clusions from the quartz crystals at Baia Sprie (A).
As the homogenization temperature decreases, the
fluid becomes even more concentrated and the gaseous
phases leave the system (B}, X — XVI accessible hori-
zons in the Baia Sprie mine.

In conclusion the fluid inclusions at Baia Sprie rep-
resent heterogeneous agueous fluids of relatively low
salinity that evolved in a general monoascendent pro-
cess and whose physico-chemical variations determined
mainly the formation of the various parageneses.

5. Conclusions

The researches on the morphology of the pyrite crys-
tals as well as the study of the inclusions from the
quartz at Baia Sprie led to a reconstruction of the evo-
lution of the hydrothermal process within this siruc-
ture that differs substantially from the previous one
(Nedelcu et al., 1992).

Based on the pyrite morphology trend two distinct
domains have been separated in the Main Vein plane
as follows: an upper one, with C — P trend and a lower
one, with C-O-P + {hkl} trend. The two domains
correspond to the concentration and temperature con-
ditions inferred from the topographic analysis of the
faces and habit of the pyrite crystals, characterized
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by: low supersaturation — high temperature (Sp-Tg)
for the upper domain (C-P) and high supersaturation
- low temperature (Sy—T}) for the lower domain (C-
O-P =+ {hkl}). i

Of the previous data (Nedelcu et al., 1992) the frac-
tionation of the sulfur 34§ isotope in the sphalerite-
‘galena pairs indicates inequilibrium in most of the
studied cases situated al the boundary (transition
zone) between the two mentioned domains. Also in the
transition zone, aspects connected with the dissolving
of pyrite and quartz are noticed. '

The study of the fluid inclusions from the quartz
crystals reveals a few important elements suggesting
both the conditions and the course of the hydrothermal
process: :

a) First the co-existence of the L and V type inclu-
sions as well as the Th corresponding values suggest
that boiling was the main process undergone by the
hydrothermal fluid.

b) The fluid type-depth relationship makes possible
the separation of two domains:

— at the lower part (under horizon XIII) the S type
Mluid inclusions and a not too high homogenization
temperature (Th) prevail;

—at the upper part (between horizons XIIT and X),
the co-existence of the L and V type inclusions indi-
cates the maximal boiling zone (important decompres-
sion determined by the opening of the fissure £ obvious
mixture with meteoric water).

¢) The quartz crystals are zoned. An evident and
significant relationship between the crystal zonality
and the type of fluid inclusions is presented in Figure
3, which shows the existence of:

~ a central zone (I) in which the L + V type inclu-
sions prevail;

— external zones (1I) in which the 5 type inclusions
prevail.

In this case the decrease of the homogenization tem-
perature {Th) from (I) to (II) indicates a monoascen-
dent hydrothermal process, the parageneses deposited
being the result of the physico-chemical variations un-
dergone by fluids, mainly due to boiling.

In accordance with the distribution mode of the fluid
inclusions and of the metallic mineral parageneses (the
presence of wollramite and sheelite), the boiling parox-
ysmal moments superpose on the zone between hori-
zons X and XIIIL.

d) The Tmi and Th diagram suggests that in the
case of the Main Vein the fluids evolved towards a con-
tinual unmixing, from initial fluids (probably of mag-
matic origin) poor in vapours, with low salinity and
high temperature, to fluid phases of high salinity (lig-
uid part) and water vapours which leave the system
concomitantly with the temperature decrease.

It follows that the fluid inclusions at Baia Sprie rep-

resent heterogeneous aqueous fluids of relatively low
salinity that evolved within a generally monoascendent
process, whose physico-chemical variations determined
the formation of the main parageneses.

The comparison between the results of the morpho-
logic study of pyrite and those of the study of the fluid
inclusions in quartz reveals the superposition of the
morphological trends on the domains of the fluid in-
clusions as follows:

- upper domain: the L + V type inclusions
correspond to the C-P trend and to the S;.-Ty
concentration-temperature domain;

— lower domain: the S type inclusions correspond to
the C-O-P =4 {hkl} trend and to Sy —~T; domain as
well as to the appearance of the negative striated pyri-
tohedron which would underline the subsequent Cu de-
position (Endo, Sunagawa, 1973).

All these suggest that the deposition of the metallic
charge took place descendantly from the upper part
towards the lower part of the vein (Fig. 1). Also, the
present geometry of the mineralization in the straight
plane of the Main Vein, with its inflexions and east-
ern sinking permits the outlining of a model of the
hydrothermal process with a great approximation de-
gree, based on the flowing trends of the fluids, the
boiling process and the metal deposition (Fig. 1 B).
This modefindicates that:

a) The fluids evolved along the fracture, from the
lower eastern part of the structure towards its upper,
western part in the Minei Hill.

b) The opening of the fracture led to an important
decompression of the fluids resulting in the starting of
the boiling process and the sulfide precipitation.

¢) The deposition of the metals took place descen-
dantly, beginning with Pb and Zn at the upper part
and ending with Cu at the lower part of the hydrother-
mal "pipe”. The mixture of the meteoric water in this
process seems evident, especially in the "discharge”
zone of this "pipe” in the Minei Hill, a zone character-
ized by the gold precipitation.
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Plate

Iigs. 1, 2 - Zonality characteristic of the quartz crystals from the Main Vein at Baia Sprie.

Fig. 3 - Polyphase Nuid inclusion with solid phases as sheals that might represent dawsonite (D) erystals. In the course of the
microthermometric experiments it has ametastabile hehaviour,

Fig. 4 - Biphase fluid inclusion with dominant liquid 1. type from an internal zone within the quartz at Baia Sprie.

[ig. 5 — Polyphase inclusions with carbonate grains (), in suspension before trapping. The dispersion of the same grain type
is also noticed in the crystal mass.

Fig. 6 ~ Fluid inclusion rich in vapours (V type) from an internal zone of a quartz crystal at Baia Sprie.

Fig. 7 - Fluid inclusions (mainly of S type) with oriented disposition in the external zones of a quartz crystal at Baia Sprie.
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CRYSTALLOGENESIS OF CALCITE FROM PIATRA ALTARULUI CAVE
(BIHOR MTS, ROMANIA)

Lucretia GHERGARI, Robert-Octavian STRUSIEVICZ, Gheorghe FRATILA, Ana SINTAMARIAN

Universitatea "Babes-Bolyai”, Catedra de Mineralogie-Petrometalogenie. Str. Kogilniceanu nr. 1, 3400 Cluj-Napoca.

Key words: Carbonates. Calcite. Crystals. Crystal form. Frequency. Caves. Apuseni
Mountains - Bilhor Mountains.

Abstract: The Piatra Altarului Cave situated in the Bihor Mountains (NW of Romania)
is characterised, besides very interesting speleothems, by the presence of several sectors
completely covered with perfectly shaped calcite crystals, Three sites in the cave, i.e. the
two walls of the Lake Room and ”Geode” were chosen for a statistical crystallographical
study. A total of 21 crystallographical forms were identified: the hexagonal prism, the
hexagonal bipyramid (8.8.16.1), 13 rhombohedrons and 6 scalenohedrons. The general
persistency diagram for the 460 measured crystals shows values over 10 % only for the
liexagonal prism and for 8 thombohedrons. In cach site the crystals were grouped in three
vertically superposed zones. Prequency diagrams for the number of forms on one crystal
showed a clear zoning of populations with one generation of crystals and of populations

with‘2 generations of crystals,

The recently discovered Piatra Altarului Cave is dec-
orated by beautiful and very diverse speleothems. The
cave was discovered and mapped by its discoverer, to-
gether with members of the Speological Club of the
Cluj-Napoca Polytechnies (Gligan et al., 1986).

1. Localisation

The cave is situated in the NE part of the Bihor
Mountains, in the area of le Ponor, on the right side
of the Ponor Valley, a left tributary of the Somesul
Cald River, 1 km upstream from the confluence, at
an altitude of 1112 m, and at about 25 m above the
valley level. It has been carved in Jurassic limestones
of the so-called Somegul Cald Graben, which is sepa-
rated from the intense retromorphosed sclists of the
Someg Group (Ghergart et al., 1991) by the E-W di-
rected Somesul Cald Fault. 'The cave itsell seems to
be developed along a secondary fault oriented parallel
with the main fault (Fig. 1).

2. Crystallographical data

Crystallographical studies were performed on per-
fectly shaped calcite crystals that carpet the walls,
the stalactites, stalagmites and draperies ol the Lake
Room and of "The Geode” (Figs. 2, 3).

The first approach in this study consisted i the
identification of the crystallographical forms that build

the crystals shape — the tracht, as well as in the estab-
lishment of their dominance, which gives the crystal
habit. This work was accomplished through "in situ”
measurements of the angles between the crystal [aces,
and also by measurements made in the laboratory, on
[allen fragments.

The second step consisted in statistical studies per-
formed on a total of 460 crystals. This studies regis-
tered the persistency of the crystallographical forms,
the different types of combinations of forms, as well as
their frequencies.

The morphological and statistical studies comprised
crystals from three distinet sites (Fig. 3 a, b), i.e. the
Western wall, the Eastern wall of the Lake Room and
"The Geode”. Tn ecach of these sites the crystals that
occur in a 5-7 ¢ wide vertical stripe were analysed.

2.0, Western wall of Lake Room

From this site 168 erystals were studied, which
Only

four of them have a persistency over 80 %, three have

showed 11 different crystallographical forms.

a persistency between 6-15 %, whereas 4 have a per-
sistency of 2-3 % (Fig. 4B-a; Tab.l). The major
parts of the ervstals are well developed, having a short,
prismatic habit, terminated with the (1011) rhombo-
hedron. The prismatic shape is given by the steeply
inclined rhombohedrons (5051) and (0551), which are
dominant and with high persistency, as well as by the
paired rhombohedrons (4041) -~ (0441) and (8081)
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Iig. 1 ~ Location of the Piatra Altarului Cave. 1, Titho-
nian (limestones); 2, Middle and Upper Liassic - Dogger
{marly slates); 3, Lower Liassic (sandstones); 4, Lower Tri-
assic (quartzites and conglomerates); 5, Permian (rhyolites);
6, Precambrian (retromorphosed schists of the Somes Group);
7, Piatra Altarului Cave.

Fig. 2 - Simplified ﬁ:ap of the Platra Altarului Cave, with
location of the Lake Room area (striped — detail in Fig. 3).

Table 1
Dominancy, persistency and combinations of forms - Lake Room. western wall
Number t Crystallographical forms Frequency of the combi-
““lnr“:f. : i nations of forms
5 it Loy K s - | - Zones
o eons |2 12 |18 (G| F[E 2| 8|5 |2 [Number of P2 of [Total
combination | = |~ | 2| @ | ¥ |° 18| 83| 85| rystas TN A
1 o 7 ¢ | & 1
RIE ¥ 1 D 2 1
2 o |1 1 0.5 25 1
R p|oD 1 6.5 [+1I
1 o] D 3 2 I
$ i 1 '3 2 13 I
D] 1 3 2 1
] 1 : | 0.5 I
(O . D D 120 71 T+10MI
i 3 { D 5 3 i
& ] | DD 3 Z 77 I
1 -4 D D 1 0.5 1
I D| O 5 : | 0.5 1
1 i S DD 3 1+0
8 § 1 : DD s 2 1 35 1
s s s D|s 1 0.5 1
Persis-| Mo |137 1.$G 5 % |23 9 |138|%8| 3| 10 & s
tency | B1) 83| 3 | 3 |i4f 5| 82|82 2} 6] 2 00

I - upper zone (20 cm); 1 - median zone (40 cm); T - lower zone (60 cm).

[} - dominant form; I - intermediary form; S - subordinate form.
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ACTIVE PASSAGE

"The Palm tree"

RIMSTONE POOLE
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Sketeh (a) and profile (b) in the Lake Room area of the Platra Altarului Cave. 1, active flow direction; 2

Ilig. 3 - 2
ancient water level; 3, lake; 4, flowstones; 5, blocks; 5, alluvia; 7, pit; 8, pitch (teeths downwards); 9, level curves

(1 m equidistance); 10, helictites; 11, location of the studied areas (A- transverse block on the western wall of the Lake

Room; B- "Big Maces” on the eastern wall of Lake Room; C- "The Geode" ):

(0881), which are also dominant, but with low per-
sistency, whereas the hexagonal prism (1010) is only
intermediary, but with high persistency (Fig. 5b, 6a
and ¢). Other rhombohedrons or the scalenohedrons

Institutul Geologic al Rom

have no nfluence on the crystal shape as they are sub-
ordinated and with low persistency (Fig. 5e, 6b). The
habit and the tracht of the crystals is constant on the
vertical, but their size increases towards the bottom

niel
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Fig.-1 IMersistency [a) anel |‘|'|'t|11f'm"\' [!1 anel o) :|'t;|3,;1'.'ui|:-. for calcites from the western wall of the Lake
Room (A) and the "Geode™ (Bl 1 upper levell 11 median level; 111 - lower level.
ol the wall. Many crystals on this wall are polytermi-
naled, and this feature is very common in the lower
part of the wall, where single-terminated crystals rep-
resent the rarity. This parallel intergrowths have no
connection to with twinning, but are due to internal
) dislocations that affect the inner structure of the crys-
I tals. leading to change of low-angle limits in high-angle
L limits, and so to a parallel growth of subindividuals on
the same basis (Fig. 6d). At the upper part of the
block spear-shaped crystals ol a younger generation
can be geen between the already mentioned crystals.
These crystals are very poor in forms, being build up
of only one (4041) or two forms ~ (8081)D and (1010)1
a (IFig. Ba; Pl. 1, Fig. 3).
The frequency diagram of combinations of forms is
bunodal, with a very acute maximum for erystals built,
ol forms (77 %), and with another maximum for erys-
- . . tals build up of only one for Mg, 4B- vadi
Fig, 5 Cudeste cevstals frome the western wall of the Lake : i : I ¥R e (I 5 18 b?'.p!t a.d]llg
Bl for the existence of two generations. By dividing the

whole population nto 3 superposed zones (ie. an up-
per (1) zone.of 20 em, a median (11) zone of 40 em, and
a lower (I1T) zone of 60 cm), it becomes obvious that

(\l Institutul Geologic al Romaniei
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Fig. 6

the second generation of crystals appears only in the
upper zone, where the concentration of the water in-
creased through mtense evaporation, and where con-
centration currents prevailed over the diffusive ones
(Fig. 4B-¢).

2.2, Fastern wall of the Lake Room - "The Big
Maces™

The caleite crystals that carpet the walls of the an-
cient. lake, and which also grew around the big stalac-
tites on the castern side of the Lake Room., giving them
a mace-shape (Pl 11, Figs. 1, 2), reveal a greater .

versity of forms, pleading for more dramatic changes of

the crystallisation conditiens. From this site 95 crys-
tals were studied which revealed the presence of 16
forms. Considering the whole population a persistency
diagram with a maximum situated under 50 % and a
trimodal requency diagram were obtained (g, 7TD-a
and b; Tab. 2).

In order to identify groups of erystais with a more
uniform morphology this population was also divided
into 3 superposed zones,

The upper zone (1) consists ol 33 crystals grown at
the upper part of the stalactites, all of one generation,
and which display a total of only 3 crystallographical

Claleite ervstals Trom the westeen wall of the Lake Hoom.

forms (Fig. 7A-a, b}, Le. the negative rhombohedron
(0221), the hexagonal (8.8.16.1) and the scalenohedron
(7.6.13.1) (Fig. 8).

The median zone (1) consists of 30 crystals formed
at the tip of the stalactites (Pl 2, Fig. 4). They dis-
play a total of 10 crystallographical forms, and com-
prise 2 generations (Iig. 7B-a, b), the combination of
forms being intermediary, between the zones (1) and
(I11):

The lower zone (1) is represented by the crystals on
the pool bottom; 32 analysed crystals showed a total
ol 12 forms, with maximal frequencies for erystals with
4-5 and 7 forms, respectively (Iig. 7C-a and b). Their
habit has a great resemblance with that of the crystals
on the western wall of the Lake Room (Fig. 9). A rare
form found here is the (9.3.12.5) scalenohedron (Fig.

10 a).

3.3 "“The Geode™

The so-called " Geode™ 1s an irregular cavity situated
northwards of the Lake Room, decorated with many
stalactites and draperics, these and the walls being
completely covered with caleite cryvstals (PL 1, IMigs.
1, 2).

forms. of which 15 are positive and negaiive rhombo-

The 197 analysed crystals have a total of 15

f/\\ Institutul Geologic al Romaniei
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Fig. 10 Calcite crystal with the rare (9.3.12.5) scaleno-
hedron from the castern wall of the Lake Room (a) and
calcite with dominant (0551) .rhombohedron from the
"Geode” (b).

Fig. 8 - Calcite crystals from the upper zone of the castern

wall-in the Lake Room.

Fig. 11 - Calcite crystals with dominant negative
rhombohedrons from the " Geode”. 4

© Fig. 9 - Caleite crystals from the lower zone of the eastern
wa'l in the Lake Room.

l/-l._--‘ . 0 -~ - -
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Table 2

Dominancy, persistency and combinations of forms

l.ake Room. castern wall

Number of Crystallographical forms Frequency of the combi-
crystallo - - e nations of forms
graphical I“C; [m’ IN’ Zones
; e el Type of
forms in ane S| Q|| @ sE| S| E]5| S| o] o|e Number of combina- TO,E,GI
combination| 2|12 |S[Q|S| 8|82 3|8|3|8|w |8 | «|a|cystals [ion o °
1 D 10 10.5 0.5 . 111
S D 23 24.5 . 0!
2 D D. 7 75 34 I
it R 2 2 II
SR I S b 4.5 I
| D a] 2 2 1
3 ] S| D D 2 2 13.5 1
s D 2 2 2 I
S D | 2 2 1
D| I S 1 1 1
1] 1| D _ 9 9.5 1
B|S (I 7 7:5 I1
4 | | 5 | . 3 3 26 I1+11
S S |-D D 3 3 11
D1 D S 2 2 1
5|s D D 1 1 II
5 S| | D D 8 8.5 9.5 1
DI 5 5 S £ 1 11
6 D| S | I | | 2 2 2 1
7 1| s | D D|S S 4 4.5 4.5 I
Persis - No | 44 i.?L 41 2 (38| 3|S5 |44|16]12|120) 9 (38| 2 |10 4 95 -
tency | oy f46[19| 4| 2 (40| 3| 5|4s{17|13|21] 9 |s0] 2 [11] s 100

| - tower zone; 11 - median zone (fragments): H - apper cone of the big maces (fragments),

D - dominant form; 1 - intermediary {orm; S - subordinate form.

hedrons, and 3 are scalenchedrons with low persistency
and dominance (Fig. 4B-a; Tab. 3). As the frequency
curve showed a bride peak (I'ig. 4B-b), this population
was also divided in 3 superposed zones.

-

The upper zone (1) covers the first 15 cm below
the ancient level of the lake. The 44 analysed crys-
tals contain several oblique truncated "horse-teeth”
crystals, developed immediately below the water level.
The dominant forms are the (2574) scalenohedron and
the (8081) steep rhombohedron. The frequency of the
combinations has 2 maximus, one for crystals with 2
forms, and one for crystals with 4 forms (Fig. 4B-c-1).

The medium zone (I1), consisting of 29 erystals on
a 40 cm wide stripe, below the upper zone, is char-
acterised by the presence of spear-shaped crystals,
build up merely of 2 or 5 forms (Fig. 4B-c-2). The
dominant form is the positive rhombohedron (4041),
sometimes truncated by negative rhombohedrons like

(0441), (0881), and others (Fig. 4B-b, ¢; Fig. 10 b).

The lower zone (1H), consisting of 124 crystals on a
1 m wide stripe, comprises 2 generations of crystals.
The first generation erystals are greater in size and
very similar to those of the medium zone, while the
overgrown second generation crystals are very little in
size and poor in forms (Fig. 11 a; PL. I, Fig. 3,4). The
[requency curve shows maximums for crystals with 3
and 5 forms, respectively (Fig. 4B-¢-3).

3. Discussion

The erystals that cover the walls, the stalactites and
draperies of the Lake Room and of the " Geode”, up to
a height of 1.5-2 m, are the result of slow crystalliza-
tion from water of long lasting subterranean lakes and
pools. A total of 21 erystallographical forms were iden-
tified on these crystals, i.e. the hexagonal prism, 13
rhombohedrons, the hexagonal bipyramid (8.8.16.1),
and 6 scalenohedrons (Tab. 4).

4 \l Institutul Geologic al Romaniei
IGR



CALCITE CRYSTALS FROM PIATRA ALTARULUI

CAVE 95

Table 3

Dominancy. persisteney and combinations of Torms

he Geode™

NUmber “of Crystallographical forms

Frequency of the combi-

crystallo-
graphical

forms in one
combination

6061

1L

1070
10T
2021
0221
0331
4041
0441
5051
BOB1

—
™
o
™

nations of forms

Zanes

0881
2574

Type of
combina-
tion °fs

5381
4371
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crystals
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Persis- 1
tency 0.5}

53

M

27
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1) - dominant form: | - imtermediary for

upper zone (15 em); H-

The persistency curve drawn for the 460 analysed
crystals has 4 distinel steps (g, 12 a), while the
frequency curve of the combinations of forms shows 4
pregnant maximum for erystals with 4 forms, with a
slight inflection for erystals with 2 forms (Fig. 12b).

The nearby isometric habit of the crystals pleads for
a slow crystallisation rate in pools with quiet waters,
highly concentrated in calcium bicarbonate. The long
lasting ideal concentration of the water is the result of
an equilibrium between evaporation and fresh water
supply, while uniform concentration in the poocls was
favoured by concentration currents. ‘These currents
are also responsible for the growth of larger crystals in
the lower levels. Subordinate diffusive currents led to
the development of some spear-shaped crystals in the

“{ \\_ Institutul
IGR

median zoone (A0 ci) L - lower 2one (100 cm).

m; 5 - subordinate form.,

spaces between the larger crystals.

Crystallization conditions changed in time, due to
variations of the water supply, which induced changes
of "the concentration and of the level of the waters in
the lake and in the pools. Repeated inrushes of muddy
waters caused the zonation of some calcites (alternance
of pure, colourless zones with reddish zoned impurified
with clay and iron hydroxides). Such zoned crystals
(Pl 11, Fig. 4) are more frequent in the "Geode”,
showing that an active flow existed in this area. In fact,
a fossil colmated passage was discovered in the eastern
wall between the "Geode™ and the ” Big Maces” | in the
castern wall of the Lake Room. We assume that this
water source is also responsible for the greater diversity
in habit and tracht of the crystals in the area of the

Geologic al Romaniei
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"Bigr Maces”. ;

On the other hand, a leve] difference of 20 cm be-
tween the upper limit of the crystal carpet in the Lake
Room and the ”Geode” pleads for a drainage of waters
from the former zone to the latter.

Table 4
Crystallographical forms observed on calcite from Piatra
Altarului Cave

No | hkil Symbel | Crystallographi- Persis-
) cal form tency %
] 1010 a Hexagonal prism 67
2 | 1011 T 85
3| o01i2 5 2
4 | 2021 A 2
5 | 0221 12
6 | 3031 3
7| 0331 Rombohedrons 1
8 | 4041 o 10
9 | 0441 17
10 | 5051 n 33
11 | 0551 : 44
12 | 6061 ¢ 0.25
13 | 8081 | ~ 13
14 | 0881 16
15 | 88161 T Bipyramid 9
16 | 5382 N 1
17 | 4371 T 1
<18 | 2574 1
19 3584 b Scalenohedrons 1
20 | 76131 X 2
21 | 93125 . 0.75
References

Ghergari L., Strutinski C., Nicolescu $t. (1991) Petrome-
tallogenetical data on the crystalline formations from
the Ic Ponor area (Apuseni Mts). I. The Petrogenesis
of metamorphic rocks. Studia Univ. "Babes-Bolyai”,

Geol. Geogr., XXXVI1/1, Cluj.

L. GHERGARI et al.

“fo
100 5
90 4
b
80
.70
60
50 -
401
30 T T
1 2 3 48 B 7 4
201
10
L B o= [ o o I — -
SERIET T SRERCRRERIREST
Fra-rmccq;ogmmﬁoomqwmgﬂ

Fig. 12 Persistency (a) and frequency (b) diagram for
the 460 analysed calcites ol the Piatra Altarului Cave.

Gligan M., Pitrag S., Arba S. (1986) Clonsidera;ii morfo-
genetice asupra pesterii din Piatra Ponorului. Bul. Inf. °
al Com. Cenlr. de Speologie, 8, Bucuresti.

f/\\ Institutul Geologic al Romaniei
IGR



GHERGARI L. ot al.  CALCITE CRYSTALS FROM PIATRA ALTARULUI CAVE

| 4
Plate I

Cadente ervstals from the Lake Roonon the Pioen Abarabai Cave (photographs by Bogdan Dan
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WHAT IS MONSMEDITE ?

Josel ZEMANN

Institute for Mineralogy and Crystallography, University of Vienna. Dr.-Karl-Lueger-Ring 1, A-1010 Vienna, Austria.

Key words: Sulfates. Monsmedite. Voltaite. X-ray data. Major elements. East

Carpathians.

Abstract: Samples labelled *Monsmedite from Transylvania” from two mineral col-
lections were shown to be voltaite with at most minor contents of thallium, although
the macroscopic properties and the X-ray powder pattern agree well with the origi-
nal description of this mineral. This result is nol compatible with the formula K20.
T1,0,.85043.15H,0 given for monsmedite and makes a reinvestigation of the type mate-

rial highly desirable.

Monsmedite seems to have been dealt with in two
publications only, i.e. in the monograph on the Baia
Sprie ore deposit (Manilici et al., 1965) and in a spe-
cial paper presenting the full mineralogical description
(Gotz et al., 1968).

The mineral occurs in the oxidation zone of the Baia
Sprie deposil, Romania, grown on quartz or marca-
site, but also as loose crystals in a matrix of fibrous
sulphates. Morphologically, monsimedite is cubic, with
the cube as the dominant form. The size of the crys-
tals may reach 1 cm, but usually they measure (.25
to 0.50 em. The colour is very deep green. Under
the polarizing microscope the mineral shows zoning.
Monsmedite is described as optically negative, with
variable 2V, a birefringence of 0.0L1 and an average
index of refraction of 1.608. A wel chemical analysis
led to the chemical formula K20.T150;.85035.1511,0.
X-ray powder data and information on the thermo-
gravimelric behaviour are given.

According to this description, monsmedile is a
highly remarkable mineral, because it is (1) the most
acid sulphate in mineralogy®, (2) the only sulphate
of thallium in mineralogy known by now, and (3) ap-
parently the only dark coloured sulphate of TI** in
inorganic chemistry. Therefore, a further investiga-
tion seemed Lo be worthwhile, Samples labelled mons-
medite and macroscopically corresponding to this min-
eral were obtained from collections in Hungary and
Romania.

"The chemical formula given as oxides allows the interpre-
tations KoTl2[SOa(OH))s.11H20, K2Tl2(S04 )3.8“30?3“2 Q,
KoT12(S04)5.3H504.5H30, or anything in between. For the
constitution of the only other hydrated acid sulphate in miner-
alogy, i.e. rhomboclase, (H;05 )Fe:‘"‘ (504)2.2H,0, see Mereiter
(1974).

Single-crystal investigation resulted in a cubic cell
with a = 25.29(2) A and space group Fd3c -

8. This result agrees well with the data of Mere-
iter (1972) for a synthetic voltaite with formula
KoTelt Fedt Al(SO4)12.181150, namely a = 27.254(8)
A and the same space group. Qur “monsmedite” ma-
terial undoubtedly belongs to the voltaite group.

In this context it seems Important to note that part
of the properties given for monsmedite in Gotz et al.
(1968) agree fairly well with those of voltaite: The
morphology and the colour are the same, the mean in-
dex of refraction is very near to that of natural voltaite,
and the density, D = 3.00 g.em™3, is only slightly
higher than that ol usual voltaite. In addition the
X-ray powder data published for monsmedite in the
region correspond fairly well to those of voltaite (Tab.
1). Oune is, therefore, tempted to consider also the orig-
inal monsmedite to be identical with or closely related
fo voltaite.

[Towever, the chemical analysis of monsmedite given
by Goétz et al. (1968) cannot be reconciled with such
an interpretation (Tab. 2). It is true that among
the many synthetic representatives of the voltaite type
several members with TI' instead of Kt are known
(e.g. Mereiter, 1970 a and b, 1972, with references
to the older literature). But the high K+O content
found in monsmedite precludes such an interpretation,
even if one assuimnes thal the determination of the ox-
idation state of thallium as TIT was in error. Al-
though voltaites with TI** for Fe?* seem not to have
described in the literature, one cannot exclude that
they can exist. Unfortunately, such an assumption for
monsmedite does not help much. In such a case, the
mineral had to contain more than 10 weight-% FeQ
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(and/or MnO+ZrtO+MgQO), contrary to the analyti-.

cal result.

Tabde 1
Comparison of X-ray powder data of monsmedite (Gétz
et al., 1968) and of voltaite (ASTM 20-1388). Tn both
cases only reflexions with 6.00 A> dpx > 2.50 Aare being

considered
Monsmedite Voltaite
lestinneau d(f\} (I(A) | )
weak 5.485  5.55 GO
4.81 2
4.59 2
4.30 2
4.10 8
3.92 6
3.63 18
strong 3.560 3.54 80
very strong  3.403 340 100
very weak 3.181  3.20 16
3.14 25
weak 3.063 3.03 45
2.98 8
2.90 4
strong 2.860 2.85 35
2.78 4
weak 2.647  2.62 18
very weak 2.526 2.53 20
Table 2

Comparison of the chemical analysis of monsmedite (Gétz
et al., 1968) with the theoretical compositions of
N3 0.T1;04.8504.15H5:0 and of
K»0.5Fe0.2Fe203.12503.18H,0

Mons- K20.T1;03. K20.5Fe0.2Fe;03.
medite 8503.15H,0  12S0;.18H,0
weight-% weight-% weight-%
K,0 5.45 G.44 4.58 K20
Fea0n 1.16
Tl Oy 28.70 31.25 32.97 FeO+
FepQa
other
oxides! 0.50
S04 47.54 43.82 46.69 503
H,O 16.17 18.49 15.76 H20
Total 99.52 100.00 100.00

1 - MnO+Zn0+4Ca0+BaO+Al; Oy

J. ZEMANN

The results presented here show that at least part
of the material kept in collections as monsmedite from
Romania is as a matter of fact (possibly Tl-bearing)
voltaite. Because, with the exception of the chemi-
cal composition, the data published for original mon-
smedite are rather close to those of normal voltaite,
a new chemical analysis of type iaterial seems to
be badly needed to establish this mineral as a valid
species.
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FIRST OCCURRENCE OF ARTINITE AND COALINGITE IN

SERPENTINITES OF ROMANIA

Robert-Octavian STRUSIEVICZ

Universitatea "Babes-Bolyai”, Catedra de Mineralogie. Str. Kogilniceanu 1, 3400 Cluj-Napoca.
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data. East Carpathians. South Carpathians.

Abstract: Artinite, Mgo[(OH)2/CO3].4H, 0, was found in a brecciated-laminated ser-
pentinitic body of the Latorita Formation in the Paring Mountains (South Carpathians).
[t occurs as very fine needle-like crystals, 1 to 3 mm long, white, translucent, with glassy:
luster. The X-ray powder diffraction pattern showed 20 peaks that are in perfect agree-
ment with those quoted in JCPDS card No. 6-0484. The strongest lines are 8.20 (30),
5.36 (65), 3.66 (100), 2.736 (20) and 1.920 (24). Coalingite, MgioFez(OH)24CO2.2H,0,
was found in serpentinites of the Transylvanian Nappe in the northern part of the East
Carpathians, at Breaza. It occurs as pseudomorphs after 4 to 5 mm long chrysotile slip-
fibers. They very fine (0.02 x 0.005 mm) lamellar aggregates that substitute the chrysotile
are pale brown, with resinous luster. Determined refraction indices are w = 1.596 and
e = 1.580. The strongest lines in the X-ray diffraction pattern are 7.75 (12), 6.00 (35),
4.29 (100), 2.345 (3), in good agreement with JCPDS card No. 22-708. Both artinite
and coalingite apear mixed with lizardite, with which they are intimately intergrown.
This is the first mention of coalingite in Romania, while artinite was already identified

by means of IR spectra in calcitic concretions of the loesses from Dobrogea.

The aim of this paper i1s to present the discovery
of two new minerals for the Romanian serpentinites,
i.e. artinite and coalingite. They are typical repre-
sentants of the surface weathering zone minerals in
serpentinites, from which only hydromagnesite is men-
tioned so far in the literature. Artinite and coalingite
are both magnesium.compounds with CO3 and OH
radicals, but, depending on their ratio classified to the
hydroxides and to the carbonates respectively.

Artinile was found in a sole occurrence (Fig. 1), in
the Paring Mountains, (Central South Carpathians),
in a brecciated-laminated serpentinitic body hosted
by the Paleozoic Latorita Formation (Schuster, 1980).
This formation represents a metamorphosed ophiolitic
melange which contains lenses of serpentinites and

metagabbroic rocks in a matrix of caleschists and
prasinites (basic tulls metamorphosed in the green-
schist facies). The serpentinitic body i which arti-

nite was found crops out at the sources of the 51c1m
Brook, a right tributary of the Lotru River, immiedi-
ately below the thrusting plane of the Getic Nappe.
This fact explains the advanced cataclasys of the rock,
which is transformed in a tectonic breccia penetrated
by a multitude of fissures and crevices. Artinite was

found in this little crevices (sometimes 2 em wide),
forming crusts on their walls.

The crystals appear as massive or divergent aggre-
gats, no more than 5 mm thick, while the crystals
themselves are very fine, acicular, 1 to 3 mm long.
Due to their extreme small size it is practically impos-
sible to discriminate by simple observation between
artinite and aragonite which is also to be found in
these crevices (sometimes as crystals of 10-15 mm
long). The crystals are acicular, white, translucent,
with glassy luster, extremely friable. The identifica-
tion of artinite was made by X-ray diffraction, which
gave 20 reflexions similar to those of the JCPDS card
No. 6-0484 (Tab. 1).

Comparing the two data an inversion of intensities
between the reflexes 3.66 and 2.736 can be noticed, the
latter being the strongest in the JCPDS card, while
3.66 1s the strongest in our data. This thing may be
well explained by the fact that 3.66 is the strongest line
of lizardite which appears as impurity in our sample.
Due to the very small quantity of material we could
prelevate, no other analyses could be performed on ar-
tinite from Stefanu. This is second mention of artinite
in Romania, the first one being that of Gati et al.
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IYig. | ~Location of artinite and coalingite occurrences.

A, Artinite oceurrence in Lhe Paring Mountains (South Carpathians): 1, Paring granite; 2, Drigsan Group (amphi-
bolites); 3, Latorita Formation (prasinites: a) calcschists; b) serpentinites): 4, Schela Formation (black slates); 5,
Getic Nappe; 6, Quaternary; 7, fault; 8, overthrust; 9, road; 10, artinite occurrence.

B. Coalingite occurrence in Obcina Mestecinis (Bast Carpathians): 1, Crystalline formations; 2, Pre-Barremian

sedimentary; 3, wildflysch; 4, Therzolites (nappe outlier); 5, post-tectonic cover; 6, coalingite occurrence.

(1968), who found artinite in paragenesis with calcite
in carbonatic concretions from loesses in Dobrogea,

Coalingile was found at Breaza (Obcina Mestecanis)
in the northern part of the Bast Carpathians (I'ig.
1), in fissures of a serpentinised lherzolitic body cut
by the Tatarcuta Valley. This Mesozoic ultramafic
body is in fact an outlier of the Transylvanian Napp:
preserved in the Wildflysch of the so-called Rariu-
Haghimas Marginal Sincline (Russo-Sandulescu et al..
1982).

Coalingite occurs as pseudomorphs after 4 to 5 mm
long chrysotile shp-fibers, which can be very easily
taken as limonite coated crysotile. The colour of this
fiber is pale brown, with a silky luster on the sur-
face and a resinous one when broken. Only under
microscope one can see the .02 x 0.005 mm coalin-
gite platelets, arranged like coin columns, oblique to

./.-.

_ s \

Fig. 2 Coalingite platelets arranged obligue to the length of
the chrysotile fibers.
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Table 1

X-ray dilfraction pattern of artinite

No. | Artinite, Stefanu, Artinite
Paring Mts JCPDS card No. 6-484
d [ d 1 1
1| 8.200 35 8.100 30
2 | 6.200 11 6.150 16
3 | 5.360 55 5.340 65
4 | 4.580 13 4.580 4
5 | 4.060 8 4.090 6
6 | 3.660 100 3.690 50
7| 3.175 4 3.180 10
8 | 3.050 10 3.040 16
9 | 2.820 6 2.800 16
10 | 2.736 20 2.736 100
11 | 2.675 15 2.672 20
12 2.428 2
13 | 2.350 { 2.360 8
14 | 2.295 10 2,290 12
15 2.271 20
16 . 2.225 2
17 | 2.205 7 2.218 4
18 | 2.056 4 2.058 6
19 | 2.049 5 2.051 10
20 | 1.920 24 1.918 20
21 1.897 2
22 | 1.859 1 1.865 20
23 1.844 4
24 1.732 4 1.737 16
25 | 1.702 3 1.707 12

the former direction of the chrysotile fibers (Fig. 2).
They exhibit a weak pleochroism from pale brown to
reddish brown, very weak birefringence and w = 1.596,
e = 1.580. X-ray dillraction pattern is very similar
with that of coalingite from Muscox, quoted in JCPDS
~card No. 22-708 (Tab. 2). As one can sece, the only
marked difference between the two data is the presence
of the bride peak cited in the literature at values of 13.2
- 13.4, at values of 14.40 - 11.45 in our sample.

As quoted from the literature, coalingite, firstly dis-
covered in the New Idria serpentinite, near Coalinga,
California (Mumpton et al., 1965), is a very common
product of alteration in serpentinites, formed mainly
at the expense of the pre-existing brucite. Laboratory
studies showed that coalingite is formed by the oxida-
tion and carbonation of iron-rich brucite, after expos-
ing the latter to the atmosphere for several months.
The same authors mention that artinite and hydro-
magnesite, that are also found in the weathering zone,
are later products, precipitated directly from magne-

sium-rich ground waters. Although we didn’t find ar-
tinite and coalingite in the same occurrence, we also
assume that coalingite, formed directly on the expense
of chrysotile, or by oxidation of brucite, and which we
found only in very narrow fissures in the serpentinite,
must be a younger phase than artinite which is found
in larger fissures and crevices,

Table 2

X-ray diflraction data for coalingite

Breaza Muscox
(IEast Carpathians) | JCPDS card No. 22-708
d 1 d 1 '
14.400 10 13.20 10
7.750 12 7.83 5
6.000 35 6.05 30
4.740 2 4.75 10
4.62 5
4.290 100 4.26 100
2.345 3 2.34 20
1.770 1 1.76 5

The discovery of artinite and coalingite in the two
occurrences enlarges the number of surface weatliering
zone minerals found in the Romanian serpentinites. It
is to be noticed that these occurrences can not be the
only ones, the two minerals being probably overlooked
in many other weathering zones of serpentinites, where
they were assimilated with hydromagnesite (artinite)
or limonite coatings (coalingite).
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ZIRCON TYPOLOGY IN PORPHYROIDS OF THE EAST CARPATHIANS

Hans G. KRAUTNER, Lucia ROBU, Nicolae I. ROBU, Gabriel BINDEA
Institutul de Geologie si Geofizicd. Str. Caransebes 1, 78344 Bucuresti 32.
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Abstract: The two main porphyroid types of the East Carpathian Mindra Porphyroids
(Cambrian alkali-feldspar metarhyolites) and Pietrosul Porphyroids (metadacites) dif-
ler by the contrasting zircon crystal morphology. Zircons from the Mindra Porphyroids
helong to two distinct populations. The most important (88 %) suggests (according to
I"upin's typological evolutionary trend diagram) crystallization temperatures of 750-850°
€"in an alkali rich environment of calc-alkaline magmatic series, typical of rhyolites. The
~ccond, low populated collectivity (12 %), is consistent with an Al rich environment of
crustal (SiAl) type and probably represents zircon crystals included during magma ascen-
sion from the gneissic envelope. From the Pietrosul Porphyroids a single homogeneous
zircon population was recorded. Iis typological evolutionary trend suggests crystalliza-
tion temperature of 700-800° Cin an Al rich crustal environment, pointing to an anatectic
origin. The mentioned differences cannot be explained only by the chemical differences
due to the rhyolitic and dacitic constitution of the rocks. Therefore it seems that the

Mindra and Pietrosul Porphyroids evolved iu different geotectonic environments.

In the crystalline zone of the East Carpathians two
types of porphyroids are known, described by Savul,
Mastacan (1952) as Mindra Porphyroids and Pietro-
sul Porphyroids. These rocks are considered to de-
rive from subvolcanic bodies, intruded in sedimentary
educts and subjected together with them to a low
grade regional metamorphism.

Mindra Porphyroids occur only in the southern
part of the East Carpathian metamorphics (Borsec-
Tulgheg-Pingarati area). They are mecluded in the up-
per part of the Tulghes Group, assigned to the Cam-
brian (Iliescu et al., 1983), and subject to an Early
Caledonian regional metamorphism as well as to lo-
cal Variscan and Alpine overprints. The Mindra Por-
phyroids are considered late products of the impor-
tant Cambrian prevailing rhyolitic bimodal volcanisim.
They are intruded in the sedimentary sequence of the
waning stage developed subsequent to the main vol-
canic stage, marked by a thick volcano-sedimentary
formation (Formation Tg3) with at least five periods
of rhyolitic extrusions (Fig. 1).

The Mindra Porphyroids
metarhyolitic rocks with well preserved relict porphyric
structure, marked by magmatic corroded quartz phe-
nocrysts and albite-orthoclase aggregates in idiomor-
phic forms, preserved from the initial high-tempera-

are represented by

ture alkali feldspars.  According to the normative
mineral composition, the rocks derive from alkali
feldspar rhyolites (Fig. 2).
print. produced a partial tecrystallization, destruction
and mobilization of the quartz phenocrysts; decom-
position of the high temperature anorthoclase in al-

The metamorphic over-

bite+orthoclase as stable low temperature forms in
the greenschist facies; chloritisation of biotite; total re-
crystallization of the groundmass [ollowing the general
nmietamorphic schistosity. Polymetamorphic overprints
may be recognized locally, either by a late growth of
stilpnomelane in static condition or by dynamic ret-
rogressive alteration due to Variscan and/or Alpine
shearing.

The Zr content of the rocks ranges between 100-
280 ppm (mean value of 15 spectral analyses & =
211 ppm). Two distinet populations of zircon crys-
tals with unequal quantitative distribution may be dis-
tinguished: a) various coloured (colourless, light- and
dark-pink, light- and dark-brown) crystals are predom-
inant. They show evident overgrowth zones, various
thin needle-like or globular inclusions and a morphol-
ogy dominated by prisma faces, with prevailing (100)
on (110), subordinate pyramid faces with preferential
development of (101) and only accidental presence of
(211) faces; b) limpid, light-pink, unzoned and nuclei-
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Fig. 1 - Pietrosul Porphyroids and Mindra Porphyroids in their geological setting (model represen-

tation}.

1, Pietrosul Porphyroids; Tulgheg Group (Cambrian): 2, Mindra Porphyroids; 3, Formation Tgy: 4,
Formation Tga: 5, Formation Tga; 6, Formation Tg;.

MINDRA PORPHYROIDS

: Q
PIETROSUL PORPHYROIDS

g, 2

less crystals with few, mainly needle-like inclusions and
simple morphology — predominance of (100) on (110)
prisma faces and of (211) on (101) among the pyrami-
dal faces.

Pietrosul Porphyroids are widespread over the whole
area of the Last Carpathian ecrystalline. Unlike the
Mindra Porphyroids they oceur only in tectonic slides,
depleted of their envelope derived from sedimentary
educts (Fig. 1). Thus no primary relationships with
other metamorphics of the East Carpathians may be

Institutul Ge
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LIAL (mtreckesen ) digron for voleanic rocks.

implied for age estimation. Balintoni, Gheuca (1977)
advocated a normal lithostratigraphic position, above
the Negrigsoara Formation (of unknown age), sug-
gesting a subaerial emplacement (predominantly lava
flows) (Balintoni, Neacsu, 1980). K-Ar ages ranging
between 311-70 Ma have been recorded on biotite and
whole rock samples (Kriautner et al., 1976). Tenta-
tive interpretations based on a K-Ar isochron for bi-
otite suggest 500 Ma for the main metamorphic event
Isolated zircon lead ages of 4734+42; 414442 Ma were
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recorded by Sherbak (unpubl. data). It was presumed
that the Pietrosul Porphyroids could be an equivalent
of the upper part of the Precambrian Rebra Group
(Balintoni, Gheuca, 1977) or of an unknown metamor-
phic sequence, but gn equivalence to an early part of
the Tulghes Group cannot.be excluded.

Tectonic slides of Pietrosul Porphyroids, in some
places of remarkable rock volumes (e.g. Pietrosul-
Budacu lineament; Svaiteria slide), over the whole area
of the East Carpathians and in several pre-Alpine and
Alpine tectonic units (mainly nappes), suggest an ex-
tended source area. Thus a rather homogeneous litho-
logical body or a dyke swarm, extended over a length
of over 150 km, may be suspected as source for the
mentioned tectonic slides.

The Pietrosul Porphyroids
metadacite-metarhyolite (or metagranite-granodiorite
porphyric rocks) with well preserved porphyric struc-
ture, Relict phenocrysts of magmatic corraded quartz
and of reorganised plagioclase (albite) are frequent.
The normative mineralogical constitution suggests the
mentioned dacite-rhyolitic composition of the primary
rocks (Fig. 2). A partial depletion of CaO by meta-
morphic mobilisation due to albitisation of plagioclase
in Peo, conditions was assumed by Balintoni, Neacsu
(1980).

Compared to the Mindra Porphyroids a higher in-
tensity of the main metamorphism is suggested by a
larger recrystallization of the groundniass, a more pen-
etrative schistosity, and the constant and abundant
development of biotite on the mentioned schistosily.
Polymetamorphic features may be locally recognized
by partial or total chloritisation of biotite and by strue-
tural reorganisation due to dynamic overprint (mainly
shearing).

The Zr content of the Pietrosul Porphyroids is sensi-
bly higher than in the Mindra Porphyroids. It ranges
between 200-470 ppm. A mean value of LI spectral
analyses is & = 299 ppm. Zircon crystals form a single
homogencous population, suggesting a sole evolution
stage. They are limpid, with only low colour variation,

are represented by

unzoned and nucleiless. The morphology is dominated
by prism faces ol variable extent; (100) [aces prevail
over (110) faces. 'The less developed pyramidal faces
are preferential (211) and only subordinate (101).

Statistical Evaluation of the Zircon Morphology.
From a sample of Pietrosul Porphyroids (Bistrita Val-
ley at Zugreni) and a sample of Mindra Porphyroids
(Baratu Mare Valley at Tulghes), 100 zircon crystals
have been recorded according to the models given by
Pupin, Turco (1972), Pupin (1980). Data are repre-
sented in the typologic morphologic classification pro-
posed by Pupin, Turco (1972) (Fig. 3) and in the
typologic evolution diagram (I'T-AT) (Pupin, 1980)
(Fig. 4). The mentioned homogencous population,

especially in the Pietrosul Porphyroids, confirm the
previous statements (Pupin, Turco, 1981) that during
low grade metamorphism zircon crystals are preserved
without significant morphological modifications. Only
rarely edges and slightly rounded tips have been ob-
served. Therefore some information on the primary
volcanic rocks may be obtained.

Most of the data on zircon typology refer to gran-
itoids. Unfortunately only few data are available for
acid volcanic rocks. Differences between zircon in plu-
tonic’ and volcanic rocks were mentioned by Pupin,
Turco (1981). They are mainly due to the fast cooling
of volcanic rocks and the comparatively longer evolu-
tion of zircon crystallization in plutonic rocks, both n
time and temperature range, as well as in the increas-
ing {luid pressure (Pupin et al., 1978).

The typology method of zircon populations is based
on the observed relationships between development of
some crystallographic faces of zircon and the chemical
and physical properties of the crystallization medium
{Pupin, 1980). Alkalies and Al content control the
relative development of pyramids (high alkalies = 101
and 301 pyramids; high Al = 211 pyramid) and the
érystallization Lemperature controls the development
of prisms (high T% = 100 prism; low T = 110 prism)
(Pupin, Turco, 1975). On the typologic evolution di-
agram, the zircon population plots into fields along
differentiation trends, allowing a petrogenetic classifi-
cation (Pupin, 1980).

Interpretation of the zivcon {ypology. As it is shown
in Figures 3 and 4, the zircon populations of the two
investigated types of porphyroidic rocks differ by quite
contrasting erystal morphology.

Zircon crystals from Mindra Porphyroids belong to
two distinet populations. The most important one (88
%) is marked by a clear dominance of (100) pyramid
faces and the total (101) predominance of the prisma
ones. According to the typologic diagram (Fig. 4), this
suggests an alkali rich environment and crystallization
temperatures of about 750-850" C. This is a common
feature of rhiyolitic rocks. In spite of the fact that the
Mindra Porphyroids belong to a cale-alkaline magima
type (Fig. 5, 6), the maximal frequency plots between
the fields of cale-alkaline and alkaline rhyolites (Mg,
4). This probably reflects the relative high alkali con-
tent, as it is shown by the Streckeisen diagram (Fig.
2 ), where the rocks plot in the field of alkali-feldspar
rhyolites. The "typological evolutionary trend” indi-
caled In Figure 4 by the arrow is parallel with trends
mentioned by Pupin (1981) for both calk-alkaline mag-
matic series and alkaline series of mantle origin. The
second population, quantitatively unrelevant (12 %),
suggests by the predominanee of (211) pyramids an Al
rich envirommnent of erustal (Si-Al) type. Therefore it
could represent zivcon crystals from gneiss fragments of
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the metamorphic envelope, included during the magma
ascension. This assumption is supported also by the
quite different " typological evolutionary trend” (arrow
in Fig. 4), suggesting a change from an Al rich to an
alkali rich environment. Therefore it could be assumed
that the magma of the Mindra Porphyroids evolved in
an early stage in an alkaline environment (of mantle
origin according to Pupin, 1980) and turned later, due
to sialic assimilation, to a calc-alkaline trend.
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Zircon crystals from the Pietrosul Porphyroids
form a single homogeneous population, characterized
mainly by the predominance of (211) pyramid faces.
It contrasts strongly with the main population of the
Mindra Porphyroids, but it overlaps with the sec-
ond, low populated collectivity of the Mindra Porphy-
roids. The Pietrosul zircon plots outside the field of
volcanic and plutonic rocks (Pupin, Turco, 1981) in
the typologic evolutionary diagram. Their position
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suggests an Al dominated environment and a tem-
perature range between 700-800° C. Its "typological
evolutionary trend” is similar to those of aluminous
granodiorite-granite associations and is directed to-
wards the field of anatectic melts. According to the
mentioned large extension of the primary body (over
150 km) and the zircon typology, it may be assumed
that the Pietrosul Porphyroids could be of anatectic
origin.

Concluding Remarks. The mentioned differences in
zircon typology between the two types of investigated
porphyroids can not be explained only by the chemical
diflferences due to the dacitic and rhyolitic constitution
of the investigated rocks. It suggests a high discrep-
ancy of the Al:Alkali ratio in the sources as well as a
higher thermic regime at the beginning of the zircon
crystallization in the Mindra Porphyroids. Therefore
probably different genetic aspects are involved in the
contrasting zircon morphology and it seems that the
Mindra and Pietrosul Porphyroids evolved in different
peotectonic environments.

The differences between the zircon typology in the
Pictrosul Porphyroids and in the products of the
Cambrian rhyolitic magmatism related to the Tulghes
Giroup (Mindra Porphyroids) support the assumption
that the tectonic slides with Pietrosul Porphyroids
originated in a different crustal segment, probably with
Variscan accretion relationships to the Tulghes type
crust. Later this tectonic framework was reworked in
the alpine event.
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A CRITICAL STUDY ON CRYSTALLINITY MEASUREMENTS OF

KAOLINITES

Maria FOLDVARI, Péter KOVACS-PALFFY

Hungarian Geological Survey. 1-1143 Budapest, Stefania 14.
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Abstract: Different genetic types of kaolinite were investigated in point of view of crys-
tallinity. The measurements were carried out by different methods of thermal analysis,
infrared spectroscopy and X-ray diffraction. The different parameters of degree of crys-
tallinity based on a series of samples were critically studied. The estimated parameters
of different methods shows relatively bad correlation. The reason.of the difference in
the data come from the fact that the methods give informations about the different part
andfor features of the mineral structure. The result is better if several parameters are
simultancously used. Different localities of kaolinite were first of all investigated by com-
puter controlled thermal methods. Observation of fine changes in certain parameters
such as corrected temperature of thermal decomposition or activation energy for dehy-
droxylation etc. can be uselul for genetic interpretation. One of the model areas was the

kaclinite occurrence at Stejera (Romania).

1. Introduction

The occurrence of each mineral in the nature gen-
erally indicates diflerent genetical conditions such as
temperature, pressure, or concentration of the ele-
ments ete. The same mineral may be frequently en-
countered in environments of different genetics. Con-
clusions on the genesis and antecendents of a mincral
(for instance the temperature during its genesis, the
bauxitization, the diagenezis etc.) can be drawn by
studying the form of appearance of the minerals. The
degree of crystallinity can be a possible genetic feature
of clay minerals, in case way of kaolinites.

Various instrumental analytical methods lave been
known for use in the determination of the polytype
modifications, crystallinity and the stage of order of
kaolinite (Fig. 1).

When using an X-ray diffraction method, the crys-
tallinity of kaolinites is indicated by the intensity con-
ditions of certain reflections, the shape and "d” value
of basal reflections, and the measure of splitting up
of reflections that are close to each other (Brindley,
Kurtossy, 1961; Hinckley, 1963; Nemecz, 1973).

In the relevant Hungarian specialized literature a
new complex figure for use in the X-ray diffraction de-
termination of the degree of cristallinity of kaolinite
has been introduced by Téth (1975). The reflection

ahifts obtained in  various thermal and chemical

. (K-acetate, hydrazine) treatment procedures are also

suitable for the determination of the degree of crys-
tallinity (Wada, 1961; Range el al., 1969). The clas-
sification of kaolinite-type minerals based on X-ray
diffraction after different authors is presented in fol-
lowing:

Hinckley-index
1 2
0.7-1,2
0.2-0.7

Soft. type
Hard type

0-1.6 increasing with
the crystallinity

1. According I-Tim’:kle)lr (1963)
2. According Kocsardy, Heidemann (1980)

On the thermoanalytical methods, mainly the tem-
perature and geometrical parameters of thermal effects
appearing on the DTA curve (peak temperature, peak
symmetry, peak width, intensity ratios of thermal re-
actions etc.) can be used to draw conclusions on the
stage of order. (Norton, 1939; Caillere, Henin, 1947,
Bramao et al., 1952; Murray, 1954; Robertson et al.,
1954; Carthew, 1955; Murray, Lyons, 1960; Smykatz-
Kloss, 1974 a-b). Murray, White (1949) could distin-
guish minerals corresponding to different kaolin groups
on the basis of the activation energy of the decompo-
sition reactions. Information is also supplied by the
mass ratio of the interlayer and lattice waters mea-
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sured on the thermogravimetric curve. The classifica-
tion of kaolinite-type minerals based on different kinds
of thermal parameters is presented below:

1 2 3 4 5
cv A/B (54
Dickite 680
Nackrite 660
Kaolinite 580 > 575  0.78-1.5 0.8-1 980-1005
Fireclay < 575 1.5-2.4 1.2-1.4 940
Halloysite 560 2.5-3.8 1.8

1. Peak temperature of thermal decomposition aller
Mackenzie (1957)

2. Peak temperature of thermal decompeosition after
Smykatz-IKloss (1974)

3. Slope ratio of the mean endothermic peak after
Bramao et al. (1952)

4. Slope ratio of the mean endothermic peak after
Robertson et al. (1954)

5. Peak temperature of the exothermic reaction after
Smykatz-Kloss (1974)

Kinetic data for the thermal decomposition

1 2 3
Kcal/g-mol (kjoule/mol)
Dickite 18 (200)
Kaolinite ~ 38-40  (158-168) 1.06
Fireclay 22-30 (90-125)
Halloysite 34-37  (142-155)  0.5-0.7

1.-2. Aectivation energy (isothermal weight loss)
after Murray, White (1949)

3. Reaction order (DTA) alter Kissinger (1957)

When using IR-spectrometric analysis, the politype
modification of kaolinites, as well as the various de-
grees of crystallinity within the kaolinite are most fre-
quently determined on the basis of the intensity ra-
tios of the O valence stretching (Lyon, Tuddenham,
1960; Parker, 1969; Reh, 1970; White et al., 1970;
Giese, Datta, 1973; Rouxhet et al., 1977; Kocsardy,
Heydemann, 1980; Foldvari, Kocsardy, 1984). Kaolin-
ites can also be featured by the intensity ratios of the
OH deformational vibrations (Beutelspacher, van der
Marel, 1961), the width of OH valence vibrations, as
well as the dimensions of the water deformation band
of 1630 em™! and the valence stretching of 3440 em™!
(de Keyser et al., 1963). According to Gribina et al.
(1972) extinction ratio of the lattice vibrations is used
to characterize the degree ol crystallinity. Classifica-
tion of kaolinite according to infrared parameters as
follows:

Eagoo/Eas20
1 2 3
Dickite 0.6-08 0.5-1.1 0.35-0.9
Kaolinite 1.2-1.5  1.0-1..7 1.1-1.8
(in 4 subranges)
Fireclay 1.1-1.5 0.9-1.1
Halloysite 0.8-1 0.8-1.1

1. According to Lyon, Tuddenham (1960)
2. According to Kocsardy, Heidemann (1980)

3. After Foldvari (unpublished data)

When using any of the methods listed above, ac-
tually in practice, it is frequently experienced that
measurements show a bad correlation. The reason of
the difference in the data come from the fact that the
methods give pieces of informations about the differ-
ent parts or features of the mineral structure. A great
number of problems arise, when other monomineralic
sample is used for the determination of the erystallinity
degree of kaolinite. For instance, the application of
Hinckley's index is disturbed if the sample has a high
goethite or quartz content. In addition, the water con-
tent OH ratio cannot be measured, unless the sam-
ple contains either clay minerals of 2:1 structure or
any other water-bearing mineral. Any interference of
accessorial minerals (clay minerals, bauxite minerals,
siderite, pyrite etc.) can also disturb the determination
carrried out by thermoanalytical or IR-spectroscopic
methods.

Our study is first of all based on computer controlled
thermal analysis and gives a description of the critical
investigation of each method, including the conclusions
to be drawn therefrom.

2. Applied methods

For thermal analysis the equipmeni used is a
derivatograph-c: a microcomputer automated appara-
tus, which is suitable for the simultaneous recording of
thermogravimetric (TG), derivative thermogravimet-
ric (DT@G), thermogastitrimetric (TG'T) and cither dif-
ferential thermoanalytical (DTA) curves, If necessary,
the device can also graphically display the DTG,
DDTA, DTGT curves, i.c. curves lo he obtained by
deriving the primary curves (Paulik et al., 1987).

The mass of the sample measured by the semi-
microelectronic and automatic balance of the equip-
ment (sample weight at this study about 100mg).
~ The temperature of the furnace was regulated by a
linear heating program with a 10 C” min~™! heating
rate.

The measured parameters
curves are the following:

- Corrected peak temperature of thermal decompo-
sition (measured on D'I'G). This parameter was intro-
duced for the measuring of the crystallinity of kaoli-
nite by the authors of this study, because the tem-
perature of decomposition depends, not only on the
stage of order or the possible substitution in the lat-
tice (for instance iron), but also on the concentration
at the same conditions of the investigation. The so-
called "Proben Abhangigkeit” curves show the tem-
perature versus logarithmic concentration in the case

of thermoanalytical
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a well-ordered kaolinite and a fireclay after Smykatz-
Klos (Fig. 2). The difference in decomposition tem-
perature between the two minerals - in the case of the
same concentration ~ is 28 C% A curve with a similar
slope has been obtained from our data for a kaolinite
sample with bauxite genesis (in the middle).

L[ec]

580 -]

520-"— | S o

| 5 10 50 100 [mg)

Fig. 2 - PA-curves of different. kaolinites
composition temperature versus logarithmic concentration
(after W. Smykatz-IKloss, 1974). Increasing the concentra-
tion by order of magnitude: 42.3° C (Mesa Alta); 419 ©
(Franterre); 41.3% C (Uzsa-4}.

slope ol de-

- Width of the endothermic peak: T(0.8-0.2) (Pokol
et al., 1985)

— Sharpness of the endothermic peak:
(Pokol et al., 1985)

— Symmetry of the endothermic peak:
amax/m
where a = the percentage of decomposed part at the
maximum rate of the reaction

The relation between symmetry parameters:

T(0.8-0.2)

lj[df.r?dt]
A/B or

A/B  amas
0.8 45 %
1.0 50 %
1.2 5%
1.4 58 %
1.8 64 %

M. FOLDVARI, P. KOVACS-PALFFY

— Kinetic parameters for thermal decomposition
(calculated from dynamic TG). Tor data processing
and data handling a vich software program is designed
in derivatograph-c with the help of which, the calculus
of the formal kinetic parameters becomes possible:

- virlual reaction order:
n=1.26. (a/b)"/?
— activation energy:

i nfin(l—a; )—in{l—as)]

7R =177 (Arnold et al., 1987)
- Temperature of the exothermic peak.

Intensity of the exothermic peak: dT (DTA;qp-
[)'1'1\,,“-,,_],. Values were obtained after enlargement,
hase line correction and converted into the same
amount of kaolinite. (This value corresponds to the
endothermal peak intensity /fexothermal peak intensity
parameter used earlier by others.).

(Kissinger, 1957),

- Width of the exothermic peak: T (DTA;az—
DTA min )

- Proportion of OI/11,0

Later, sharpness and reaction order were left out
from our analysis, because sharpness greatly depends
on the concentration, and order of reaction has — obvi-
ously - a rather good correlation with the symmetry.

- Hinckley index and Esson/2ss00 were parameters
used ina recent study for determination of erystallinity
ol kaolinite by X-ray dilfraction and IR spectroscopy.

3. Results

The next step of the critical study was the evaluation
of the measurement parameters of a series of kaolinite
standards. A major part of the sample studied were
from Hungary or a neighbouring country (Tab. 1),
having a different genetics, such as post-volcanic hy-
drothermal (genetic type 1), low temperature weath-
ering (genetic type 2), terrestrial sandstone (genetic
type 4), bauxite (genetic type 4), products of thermal
spring activities (genetic type 5) ete.

The following statements can be made on the basis
of all parameters: in the case ol near monomineralic
standard samples the OI1 /1150 ratio, temperature and
activation energy of decomposition reaction, the tem-
perature and intensity of exothermic reaction - not
always n the same manner - reflects well the dickite-
kaolinite-fireclay-halloysite series, and within-this, the
specific genetical features of kaolinite, although the
iron-oxid contamination on the surface of particles has
a great influence on the size and the shape of the
exothermic peak. The possible characterization based
on thermal data:

- OH/H50 (see data of table above):
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CRYSTALLINITY MEASURIMENTS OF KAOLINTTLES

hydrothermal: > 15
sandstone: G.3-15
bauxite and weathering: 1. 4-8.2
thermal spring: < IiZ

Table 1

The measured samples in order of OH/H;0 proportion

Laeality OL/10 0 Genetie
Ly e
Dickite, Heregovo (Ukraine) * 1
Inaaling Beregovo (Ist-class) = i
Furoclay (international standard) GO.T 1
China-clay (China) A8.3 I
Sdrospatak (Hingary) 47.8 1
“Dhekite™ Mad-Bombaoly (Hungary) 43.5 |
Baia Mare (Romania) 373 1
Asztagko, Matra [Hungary) 320G 1
IKaoling Beregova (2nd-class) 231 1
Iaoling AMad-Rirdlvhegy (Tungary) 1659 1
Stejern- Novds {Homania) (< 2u) 11.8 2
FelsOpetdny {20008 (Thngary) 13,49 3
Sedlec (Crech Hepublico) [2:5 2
Pelsopeteny {202} {Hhungioy ) 12.3 3
Felstperdny (205): (<2p) 12.0 3
Felstperdny (200} (<20) 10.85 3
Stejeras technological sample 1044 2
Stejera: sandstone (average) 0.0 3
Savisidp (Hungary) 9.1 3
Al=ddrs (Hungary) 8.1 4
Hizonn (Homania) 2
INaolin, Beregove (S h-class) |
Felsopetény (2:4) 3
Stejera: (average) 23
Koldusssillas (Hungary) 5.7 4
Mesterberek (Hungary) 1.6 4
Uzsa (Hungary): (average) 1.6 4
Tahanovee (Slovak Republic) 4.3 il
Kaolin, Userszegtomaj (Hangary) 4.2 1
Slejera. gneiss 4.0 2
Stejera: schist 5.5 2
Fireclay, Soha (Bulgaria) 2.7 g
Bauxite (internaiional standard) 1.4 1
Halloysite, Budapest (Hungary) .15 A
Halloysite, Cserseegtomaj Vg 45
Allopliane, Venezoela i 7

* without H20
** without Q11

~ Corrected temperature of the thermal decomposi-
tion:
dickite:
well ordered kaolinite:
halloysite and
little disordered kaolinite:
strongly disordered kaolinite,
fireclay: -20--35°C
related to kaolinite Mesa Alta (Smykatz-Kloss. 1974).
- Reaction order or symmetry of thermal decomposi-
tion is not characteristic (confront with literary data)

480 —4 1007 &
I [ f——s ) L

= (==t

Activation enevey (190, kjonle /imol

well orderad kaolinine: 1200165
diekite: 105 130
contrary to literary dara published

by Mureay, White (1449}

little and strongly disordered kaolinite: 105 120
extremly disordered kaolinite (fiveelav): < 100

As clearly shown by the data, the measnred activa-
tion energy values are lower for dickites than for the
well-eristalline kaolinites, This b= espeeially striking
when we deal with samples taken from the same Joeal-
iy (for example Beregovo or Aiad).

Kaolinite (Beregovo) (19 ctssr 1615 Kjoule/mol
154.0 kjoule/mal
113.9 kjoule/mol

130.3 kjoule/mol

Kaolinite (Beregove) (2nd cliss)

Kaolinite (Beregovo) (s class)

Dickite (Beregovo)

Kaolinite (Mad) 124.8 kjoule/mol

Dickite (Mad) 105.5 kjoule/mol

These data are contrary to those published by Mur-

ray, White (1949).  As experienced by Stoch, Wa-
clawska (1981) for dickites, the dehydroxilation pro-
coss can be devided into two stages having a difference
of approx. 20 % i activition encrgy. The introduc-
Lion part that relates Lo the exit ol one-third of the
Ol groups has an activation encrgy corresponding to
that of poor-ceyvstalline kaolinites, whereas the second
part. has indicated values corresponding to the well-
crystalline kaolinites, The value of activation energy
we have easured obviously corresponds to the aver-
age ol them,
- Temperature of exotherimie peak:

dickite and well ordered kaolinite: > 985% ¢

halloysite and Lintle disordered

knolinite:

|

strongly disordered kaolinite and

970-990° C

fivechay. < 970° C
Intensity ol exothermic peak:

halloysite: > 1.2

dickite and well ordered kaolinite: 0.5-1.3

little and strongly disordered kaolinite:  0.2-0.55

extremly disordered kaolinite (fircelay): < 0.2

- According to the width of the expthermic peak only a
few conclusions can be drawn. however, it is clear that
the exothermal peak of fireclay and halloysite covers
the greatest temperature range.

As far as data obtained through an 1R-spectroscopy
(Tab. 2), for a first approximation. they do not reflect
the sequences obtained by nsing thermoanalytical mea-
surement. The major problen is the well-erystalline
kaolinite, which has low crystallinity index. An expla-
nation of this contradiction, that kaolinite and dick-
ite have the two extreme intensity ratio beeause dick-
ite according its strueture. has more O in internal
position than kaolinite.  The jntensity values of the
band at 3620 cm™! compensate cach other in the well-
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crystalline kaoline samples, which always contain more
or less dickite and the measurement value will shift into
a range for poorly-crystallized kaolinites.

Table 2
The measured samples in order of Infrared IX and X-ray
Hinckley index

(K=
Easg00/Fas20)  Hinckley

I Dickite Beregovo 1.32
1 China-clay 1. k3
1 Beregovo 1st 1.00
2 Stejera Nord (gneiss) 0.90
1 Euroclay 0.85
2 Georgia (USA) 1.74
2 Sedlec 1.3 0.83
2 Stejera (schist) 0.81
4 Alsdors : 1.52
3 Felsopetény 205 (<2p) 1.44 0.83
3 Felsopetény 206 (<2p) 1.43
3 Sarisdp 1.39
3 Felsopetény 204 1.34
4 Koldusszallas 1.34
4 Cserszeglomay] 1.30 .
1 Mad-Bomboly (dickite) 1.28 0.79
I Beregovo 2nd 0.73
1 Beregovo 3th 0.67
2 Stejera (sandstone) 0.59
2 Stejera (gneiss) 0.45
4 Mesterberek 1.28
3 Felsopetény 202 1.28
2 Stejera (techn.) 1.20
3 Felsopetény 23 1.16
1 Mdd-Kirdlyhegy 1.14 0.78
? Fireclay Sofia 0.89
1 Asztagko (dickite) 0.63

Based on those discussed above, it can be stated
that a combined application of several measuring pa-
rameters would characterize the samples of different
genetic.

Further on, a combined analysis of parameters
within different occurrences was applied to obtain
more detailed information on the development of the
deposit.

At the Uzsa Kaolinite Deposit in Hungary Upper
Triassic dolomite chimneys and sink-holes contain the
kaolin clay which, owing to its elevated position, was
not mvolved i a bauxitization, that took place at
other sites at that time. In the area aotal of 34 sam-
ples from the filling of 2 sink-holes, were subject of a
detailed study, For these, only the data from thermal
measurements are presented here, since the X-ray mea-
surenient of Hinckley's index was greatly disturbed by
atinterference caused by the high goethite content.

M. FOLDVARI, P. KOVACS-PALFFY

On the basis of the data it can be observed that the
tendencies of the two profiles are remarkably different.

For profile Uzsa-4, the data (Tab. 3) concerning
the crystallinity of kaolinite show a scattered pattern,
only the decomposition temperature indicates a minor
increasing tendency towards the depth. However, on
the basis of two parameters (OH/H,0 and the tem-
perature of exothermic peak) there are two samples at
18.5 and 19.5 m considerably different from the other
samples of the profile and reflecting a higher degree of
crystallinity.

Table 3
Measured thermal parameters for the samples of borehole
Uzsa-4

OH/ Tg T20-Tso o B g

m H O (C9) (c?) (%) (kjoule/  (C?)
mol)

1.5 4.1 -26.1 63.6 carb. 136.1 960.3
2.5 4.0 -25.2 62.1 carb. 141.1 956.1
3.5 4.5 =304 64.5 carb. 140.4 953.8
4.5 5.0 ~24.6 66,4 57 151.3 974.0
5.5 53 ~22.0 66.3 57 129.2 968.9
6.5 4.6 -20.4 G7.7 56 129.2 968.9
7.5 4.6 -23.8 b K 54 128.7 966.8
8.0 5.0 -20.6 T0.0 57 121.2 966.5
8.5 4.4 -27.3 67.2 56 126.2 954.1
9.5 4.5 -25.1 6G.6 55 129.9 964.0
10.5 5.3 -22.7 67.5 58 124.4 961.3
11.5 5.1 -22.1 66,4 56 127.1 961.9
12.5 4.9 -19.3 T0.0 52 130.1 966.5
13.5 5.3 -16.7 T1.6 55 122.2 974.2
14.5 4.6 -20.6 67.8 56 1314 965.2
15.5 4.3 -19.6 664 i 58 129.3 962.0
16.5 4.9 -24.1 Tk 53 125.9 960.1
17.5 3.8 -23.4 T2.6 52 126.8 966.2
18.5 T3 -19.8 66.5 54 134.5 989.2
19.5 8.4 -21.1 G8.7 56 128.8 980.8
20.5 4.8 ~26.6 G8.2 50 144.6 962.0
21.5 4.2 -23.3 61.9 carb. 150.3 958.3
22.5 5.2 -18.2 69.0 55 123.7 968.2

These two samples have a goethite content of 5 to
6 %, which is lower than the average of others, and a
considerable high hematite content from 20 to 22 %,
as compared to an average of 4 % of the other samples
(Fig. 3):

Goethite  Mematite
18.5-19.5 m 56 % 20-22 %
average of the others 14 % 4%

The higher degree of erystallinity of kaolinite, as well
as the alteration of goethite into hematite, indicates
that these two samples underwent a stronger diagen-
esis. These data have led to the conclusion that the
profiles consist of samples which are transported from
different sites and were subject of different processes,

(,\l Institutul Geologic al Romaniei
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For profile Usza-G, which from the point of view of
mineral composition is similar to Uzsa-4, the measured
parameters usually show a good correlation, showing a
gradual change towards the depth (Tab. 4). Samples
found at the top in the sink-hole seem to have the high-
est degree of crystallinity, according to the OI/H,O
ratio, the activation energy, the width and the symme-
try of the decomposition reaction as well as the inten-
sity of the exothermic peak are not listed in the table.
In this profile the transported samples underwent a
further kaolinization in the sink-hole.

Table 4
Measured thermal parameters for the samples of borehole
Uzsa-6
OH/ Ty T20-Tso o E Tex
m  Ha0 (€% (€% (%) (kjoule/ (C°)
mol)
1.5 6.2 -2.9 61.0 61 150.2 959.9
Lid 5.7 24.1 62.0 61 150.7 969.5
3.5 5.6 =200 61.0 62 140.9 963.8
4.5 4.2 -22.3 G8.8 56 127.1 959.3
5.5 4.5 -23.8 66.3 55 126.8 959.9
6.5 4.0 -22.6 70.0 57 126.1 959.5
7.5 5.3 -26.6 68.0 58 130.1 973.5
8.5 2.7 ~22.4 71.0 58 125.3 979.4
9.5 2:9 —-27.4 70.0 57 124.9 966.7
,10.5 f5! =25.5 76.5 50 117.1 978.6
11.5 2.4 ~26.9 76.5 54 113.5 963.5

The Stejera kaolin deposit is found on the northern
slope of the Ticau crystalline block mountains in the
NW part of Romania. In this area, the hypergenic
weathering of crystalline schists (mainly gneisses)

Institutul

caused kaolinized rocks to develop. As a result of the
reworking of these kaolinized rocks, secondary deposits
(kaolinifts bearing sandstones) were formed at the lower
level of the Paleogene.

In the area a total of 55 samples (36 gneiss, 16 sand-
stone and 3 schist samples) and 15 samples (<2pu frac-
tion) were studied along 8 profiles. The aim of our
study was to determine whether pieces of informa-
tion are obtained about the mechanism of development
by the detailed examination of kaolinites and whether
there are differences between the kaolinite mineral of
different rocks.

Based on the mineralogical composition the gneiss
and sandstone samples were clearly distinguished:

- Gneiss has a comparatively high feldspar content,
however, its quartz content is lower than that of sand-
stones (less than 20 %).

— Sandstone has a feldspar content of 1 to 2 %, and
quartz content higher than 20 %.

- Gneisses contain muscovite mica, whereas sand-
stones contain illite clay-mica.

- The iron content of gneiss is usually less than that
of sandstones.

~ The micaschist composition is hardly different
from that of gneiss. It can be distinguished on the
basis of its higher mica content- using a macroscopic
observation.

In regard to kaolinite minerals, samples have been
analized from 4 different aspects which are as follows:
1. Within the gneiss profile:

- the samples, taken at levels that are either sub-
surface or close to a bed boundary, have the highest
kaolinite coutent, towards the [resh rock the degree of

Geologic
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kaolinization becomes lower (Fig. 4), verifying that
weathering took place due to external influences, re-
sulting inoan alteration bed different thickness,

35

M. FOLDVARI, P. KOVACS-PALFFY

width and activation energy of decomposition show
that the degree of crystallinity of kaolinite is higher
than for the gneiss samples.

30

20

Kaolinite

Variadion of the kaolinite content in the scction S0 10 depend on depth.

Fig. 4

~ with regard to the stage of order, the value of cor-
tain parameters show increasing tendeney, simultane
ously with the inereasing kaolinite content. However i
the case of subsurface saples, kaolinites with a low
degree of erystallinity are encountered,
2. Changes within the whole profile:

= The kaolinite content is higher Tor sandstone i
for gneiss rock.

based on three parameters (width, synmnetry andd
activation energy decomposition reaction) within e
profile, the kaolinite has a ligher degree of cevstalling,
in sandstone than in the gneiss rocks of the profiie

Other parameters show a different helaviour ron
one profile to another.

In case of samples macroscopically elassificd s
schist, or lound in the elose vieinity thereol, the Hinek
ley's index s striking, whereas the temperature and
syimetry of the decomposition reaction ninmericalls
indicate that kaolinite has a higher order here than o
the gneiss.

3. Average value of various rocks: similar to thos..
which are mentioned before at the profiles.

the erystallinity parameters for kaolinite in sand
stone are nsually less seattered than those of the gneiss
sniples,

according to the character of kaohinite there is a
siwtficant difference hetween the width and the sym-
vttty value of the decomposition reaction, in favour
e sadstone,

i the selnsts, i addition to the above mentioned
ke value o Hhiekiey's index, the temperature,

surface

1. Areal separation: in a comparison of all profiles it
has heen fonnd. that the parameters concerning the de-
vree of crvstallinity also show considerable differenees

cordie v the areal position of each profile (Fig. 5).

Secatura

e

Stejera Nord

O
»)

Vilceaua Iazului

0_250m ' Sandstone
O Gneiss
g 5 Areal localization of kaolin deposit from Stejera

(Romania).

For samples from the Stejera Nord profile, the degree
of crystallinity of kaolinite is high, according to almost,
every parameter (Fig. 6).

4 \l Institutul Geologic al Romaniei
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Fig. 7 - Histograms of quantity of kaolinite and gocthite for dilferent rocks and part of Stejera kaolin-deposit

(Romania).

Though, this is true, that only samples of <2y taken
from this profile were examined and their parameters
generally show a better value, as compared to the data
relating to the original samples. However, the differ-
ence is less than the areal difference, as shown in the
enclosed histograms (Fig. 6) giving a comparison of
data on a total of 9 original and separated samples.

‘Differences are smaller between the same data of
Vilceaua lazului and Secatura deposit parts Vilceaua
Iazului and Secidtura deposits parts to the detriment
of the latter.

The areal layout of changes in crystallinity parame-
ters of kaolinite is not directly linked with the kaolinite
content, since samples from Secitura have higher kaoli-
nite content, than those taken [rom Vilceaua lazului
(Fig. 7/a).

The iron content for Vilceaua lazului, especially rep-
resented by goethite, is considerable lower than that
of Secdtura samples. In samples from Stejera Nord,

-=L 1

IGR

where the wheatered gneiss 1s not overlain by a Paleo-
gene sandstone bed, the iron content is very low (Fig.
7/b).

Based on this, in the Stejera Nord area the kaolin-
ization dragged on and, as a result, — both quantita-
tively and qualitatively — a more intensive kaolinitiza-
tion took place.

The difference between the other two parts of the
deposit - as far as the degree of crystallinity of kaolin-
ite is concerned — can be due to the a difference in the
degree of a later ironization. Kocsardy, Heydemann
(1980) referred to a similar phenomenon in the exami-
nation of samples from the Szegilong kaolin deposit n
Hungary.

4. Conclusion

Based on the above mentioned examples it can be
stated that in the detailed analysis of each locality,

Institutul Geologic al Romaniei
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some parameters that were not significant in the case
of kaolinites of the series of standards, can be also very
useful. The application of more than one parameter at
a time also offers a possibility to observe fine phenom-
ena.
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SMECTITE TO ILLITE REACTION IN THE HARGHITA BAI
HYDROTHERMAL SYSTEM (EAST CARPATHIANS)

-

'.'{“P'_:;rr ",_,’* N
[ulint BOBOS

Universitatea TehniciA. Str. Stadion la, 1900 Timisoara.

/) 5969’

Key words: Sheet silicates, clay minerals. Smectite, [llite. Mineral interlayers. Order-
disorder. Hydrothermal conditions. Major elements. X-ray data. FEast Carpathians -
Harghita Mountains.

Abstract: Mineralogical analysis with XRI) and bulk chemical analysis of the mixed
layer clay mineral assamblages of pervasive argillic alteration from Harghita B&i hy-
drothermal area (Harghita Monntains) indicate the presence of illite/smectite multiphase
with randomly mixed layer (R=0) and ordered (R=1 or R=3) mixed layer. Fluctnating
temperatures of hydrothermal convective system were thermodynamically controlled and
produced a multiple reaction series by which mixed layer might form. The random layer
(R=0) contains more expandable layers and if they are less expandable, layers become
ordered. During the smectite-illite reaction random and ordered mixed layers coexist
when the expandability is between 40-60 %. Estimation of contents of expandable layers
(smectite) was made with method proposed by Watanabe (1981) and the measured peak
position dilfers from those which characterize pure illite/smectite mixed layers. Assem-

blages containing illite/smectite mixed layers cannot belong to the chemical solution.

1. Introdnction

The transformation of smectite into illite is an m-
portant. mineralogical reaction which includes infor-
mation about thermie history of argillization rocks in
hydrothermal areas. The mineralogical reaction ex-
plained by the transformation ol smectite into illite
has been very controversal i the last decade. The
genetic mechanism of the conversion ol smectite into
illite has heen deseribed covering two aspeets: a me-
chanical transformation into <olid phase and a neolor-
mation process. Hower of al. (1976) have shown the
transformatio mechanism into solid state and consid-
cred that transformation of smectite into illite took
place by substituting the exchangeable eation inter-
layer of smeetite structure. Nadeau et al, (1985) and

Inoue et al, (1980, 1983) advoeated the mechanism of

neolormation processes which appear throngh dissoln-
ton and recrvstallization. '

Based on N oray diffraction and bulk ehenneal anal-
ysis on two noerons fractions the paper explains the
presence of wltiphase with random and ardered il
lite/smectite mixed Javers o the Tharghita Bai hy-
drothermal area (Darehna Mountains). Mineralogi-

cal reaction ol iransloronne dioctahiedre siectite o

illite/smeetite mixed layers with different ordering de-
gree ocenrred together with temperature rise (over 70°
C) and continued due.to temperature fluctuations gen-
erated under different hydrothermal conditions.

2. Geological Setting

Harghita Bai hydrothermal area represents the most
miportant field of andesite and/or microdiorite rocks
ol Neogene volcawisin i the East Carpathians. The
argillic alteration of this area represents the effect of
the action of the meteoric conveetive system which has
been controlled i the first phase by the evolution of
deep geothermal systems (porphyry copper 7) and also
in alate phase by post-intrusive north-southwards ori-
cnted fracture system, which permitted the circulation
of hvdreothermal solwiions and amplified the intensity
of the argillisation process. "The eruptive strueture
Harghita Ba consist= of a deep andesite-dacite forma-
ton suceeeding important andesitie rocks formation
developed to the surface. The nvestigated area s sit-
vated moan extracraterial zore and joins the upper
voleanie cotpartment (Raduleseu, 1964; Peltz et al.,
FusG) (Hig. 1),
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Fig. 1 - The geological sketch with central area of Harghita Mts.
1, upper structural compartment; 2, lower structural compartment; 3, crater;

4, argillization area.

The geological age of the rocks belonging to the

upper volcanic compartment has been radiometri--

cally dated (Peltz et al., 1986); the petrographic-
volcanologic correlations suggest a Pontian-Dacian age
(Al. Szakacs, pers. comm.).

3. Materials and Methods

Clay fractions less than two micrometers have
been obtained by sedimentation method and the sus-
pensions have been oriented on glass lamellae (10
mg/cm?). The fraction separation has been achieved
without chemical treatment, excepting some clay frac-
tions achieved by using the NH4 buffer in the solu-
tion. The fractions have been investigated by X-ray
diffraction with DRON 2M and PHILIPS PW-1730
(CuK, anticathode of Cull, and Ni filter) diffractome-
ter. Recording has been made at speed 1°=20. XRD
analysis has been carried out using air dried samples
and saturated samples with ethylene glycol (T=60° C,
8 h.).

The Reichweit values (R) as well as percentage
of expandability mixed layers structures have been
determined by using the Watanabe diagram (1980,
1981). The percentage of expandability layers below
15 percent of illite/smectite mixed layers has been es-
timated using the Eberl et al. (1987) diagram plot.
The obtained diffraction palterns have been compared
with calculated computer patterns and the 20 val-
ues have been correlated with theoretical values for

Instit

illite/smectite mixed layers with different random and
order stage (Reynolds, 1985).

Chemical analyses have been performed by atomic
adsorption and flame emission spectroscopy; only il-
lite/smectite mixed layers samples without other im-
purities have been investigated.

4. Mineralogical Results

The most common mixed layers structure which ap-

pears in the Harghita Bai central hydrothermal area is

of illite/smectite type. The diflerences between illite
and ”illitic material” have been considered according
to Srodon, Eberl (1984).

Ilitic materials of the Harghita Mountains have
been defined from a structural mineralogic views point
by Neacsu, Urcan (1978) as representing a hydromica
with dum—lo 50 A

In this paper the X-ray dl[TI‘dCLIOIl analysis pointed
out the smectite to illite reaction by mineralogical se-
quence : smectite — smectite/illite mixed layers (R=0)
- illite/smectite layers (R=0/R=1) - illite/smectite
mixed layers (R=3) - illite.

4.1 Measuring the Expandability

The expandability of the illite/smectite mixed layers
has been determined by XRD patterns achieved on
ethylene glycol saturated samples. The methods used
for measuring the expandability are those published by
Watanabe (1980, 1981) and Eberl et al. (1987).

utul Geologic al Romaniei
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The Watanabe diagram (Fig. 2 ) used the area be-
tween 10.1 A and 16.9 A for the illite/smectite com-
ponents and there are considered in calculus the most
sensitive refllexes to the variation degree of ordering.
The most seusitive refllexes are at 20 of 5.1 - 7.6 A;
8.9-10.2 A; and 16.1-17.2 A. The accuracy of determi-
nation of the percentage of expandability layers is £5
percent.

9 5
° R=
. fild R=1
8f HB3
W
@
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Q
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@
~ 5
<
5 i 1 1 1 1
0 1 2 3 4 5
A2 B¢(degrees)

IYig. 2 - The diagram proposed by Watanabe and nsed
for mixed layers illite/smectite. A, B, C correspond
with samples 1I1B;, lIBs and 1Bj;. z

The structures with over 50 percent expandable lay-
ers are due to random (R=0) and below 50 percent
to transition into ordered mixed layering (R=1, R=2,
R=3). For determination of ordered illite/smectite
mixed layers (R=3) where the expandable structures
are below 15 % the Eberl et al. (1987) diagram has
. been used, as shown in Figure 3.

The X-ray diffraction patterns achieved on different
illite/smectite mixed layers are shown in Iigure 4. The
mineralogy by XRD for interstratified illite/smectite
minerals of llarghita Bai hydrothermal alteration area
is listed in Table 1.

Table 1
Percentlage of smectite layers of I/S

17.8+

17.74

17.64

17.54

°26
1741

17.3

17.24

17.14

170 .
26.4 265

266 - 267 268 269 270
°28

Fig. 3 The diagram for determination of the smee-
tite layers in illite/smectite (R=3) (after the computer
model Eberl et al., 1987). The solid circles correspond
to samples 1TBy.

16.8 EG

/S
HB1

137
I/s
R=1

972
HB; -

Sample Depth Mineralogy
(m) % smectite
HB-1 -110 80 £ 5, R=0
HB-15 -80 60 45, R=0
HB-18 -64 6045, R=0
HB-26 -68 45+ 5, R=1
HB-2 76 40 £ 5, R=1
HB-30 -55 10 £ 5, R=3
HB-3 -52  6+£5, R=3

4
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Fig. 4 - X-ray powder diffraction patterns rep-
resentative for 1/S with R=0, R=1 and R=3
of Harghita B&i hydrothermal area. :
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The expandability varies between 80 % and 6 %
smectite layers.. Illite/smectite minerals mixed layers
with degree R=2 have not been outlined.

4.2 Polytype Transformation of Illite

Polytypes were identified on the XRD patterns ol
randomly oriented samples and were clearly observed
in samples of ‘illite/smectite mixed layers with R=3
(below 15 percent smectite layers); the peaks are typi-
cal of 1 M polytype. The 2 M, polytype has not heen
identified.

5. Cheinical Analysis of Illite/Smectite Mixed
Layers

The bulk chemical composition of illite/smectite
mixed layers with dilferent Reichweite values (R=0,
R=1 and R=3) are shown in Table 2. Structural for-
mulae were caleulated by normahzing cation analysis
to a theoretical structure containing O (OT1)2 and are
shown in Table 3. Iron has been calculated as triva-
lent. The main difference is to be observed at the
exchangeable interlayer Nat, Ca®t, fixed K* cations
and tetrahedric sheet too. Octahedrie sheet presents a
nearly constant. chemical structure.

Table 2

Chemical analysis ol illite/sinectite from Harghita Bii

cjp;"l, $i0, Al FepOa  MgD (a0 NayO  Kp0
1, BAd 21 14 301 A8 3.4 .56 [EEIE;
113, 5L Ui Bt 086 (.24 15,47 511
13, 478 90540 4030 142 0.461 .44 6.5
Analyst: De, AL WKihler
Table 3
Structaral formulae of illite/smectite
Samples I3, I3, HI3,
Tetraledral
sitt 3,760 3.41 3.44
AlY 0.234 0.59 0.51
Sum 4.000 4.00 4.00
Octahedral
A% 1.497 1.66 1.76
Fet 0,184 0.19 0.05
Mgt 0.257 0.08 0.15
Sum 1,943 1.93 1.96
Gt 0.234 0,16 0.04
Nat 0.116 0.16 0.07
Fixed-Iv® 0.082 .44 (.64
Type ordering  R=0  R=0/R=1 R=3

[n the randomly illite/smectite mixed layers (R
the content of K ig very low compared to ordered il-
lite/smectite mixed lavers (R=1, R=3). Between the

I. BOBOS

content K of interlayer cation and the content of ex-
pandable layers of illite/smectite structures there is an
inverse proportionality correlation shown in diagram
of Figure 5.

100}
N
80- o
HB;4
w ok
Q
)
S 6or
[}
—+ Random
S
€ 40 Ordered
a
=S 4
NS}
o
" \
i o\
HB3
1 1 L L 1 L |\ 1 1
0 01 0z 03 04 05 06 07 08 09
Kn/O10(OH);
Fag. 5 Relation of percentage expandability layers
and fixed interlayer K/O0(OH)2. The solid circles
correspond to samples HBy, HB2 and HBj.

Between the coptent of Si**t and Kt in il
lite/smectite mixed layers there is a linear correla-
tion too, explained by three ideal series expressed in
the celadonite-pyrophylite-muscovite ternary diagram
(Garrels, 1984). These ideal series are shown in Fig-
ure 6 by the beidellite-muscovite, montmorillonite-

muscovite and montmorillonite-celadonite lines.  All
our values are plotted in the area between the
heidellite-muscovite  and  montmorillonite-muscovite

lines.

Mo Ce

T

el
eMu

T, T " T T T

o7 o3 05
Kcontent (lons/0y(OH),)

8

Sicontent (lons/0ilOH)z)
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o
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Fig. 6 - The diagram of correlation between K and Si

conl ents.
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The HB3 sample has a high content of Ca®* in ex-
changeable interlayer cation, a fact thal proves the
presence of a calcic montmorillonite.

6. Discussions and Conclusions

The mineralogical reaction of conversion of smeclite
into illite has been demonstrated from the structural
mineralogical and chemical points of view. This reac-
tion was recognized for the first time in the Harghita
Bai hydrothermal area. The progress of this miner-
alogical reaction was controlled by the cations compo-
sition and the temperature of the hydrothermal solu-
tions. During the reaction, the Na and Ca exchange-
able interlayer cations from smectite were changed
with K after the following reaction: M* + zK = K
smectite + M*, where M = Na, Ca and z 1s ion va-
lence (Inoue, 1983).

The fixing of K under exchangeable interlayer cation
in the smectite structure is real and possible at the
same time with increasing laver charge (Inoue, 1U80).
This increasing of the layer charge could be responsible
for the W enrichiment and fixed in the layer cations
of the smectite structure, The illitization of smectite
took place through mtermediate illite/smectite mixed
layers with different degrees of ordering which were
recognized in the Harghita Bai hydrotherinal area.

A special situation is the lack of illite/smectite
mixed layers which are ordered R=2 and 2M, poly-
type. We explain this by the possibility of producing
disturbing in the equilibrinm of the chenneal and ther-
modynamic systen which produced a stopping of min-
eralogical reaction to a certain expandability and its
replay alterwhile. ‘The illitization reaction stops when
K becomes depleted even if the temperature is still sufl-
ficient to drive the reaction (Whitney., Northrop, 1988).
The vate and nature of the reaction were influenced by
the starting material and by K availability.

Three uportant stages are connected to this miner-
alogical reaction : the first, in which the expandability
is great, and the illite/smectite mixed layers are ran-
dom, the second. of transition, in which the ordering
begins, and the last one, in which the ordering is al-
most maximal.

Acknowledgements. The author expresses thanks to
Tultan Vanghelie for introduction into technical analy-
sis of XRD and Profl. Vladimir Sucha for critical read-
mg of manuscript.
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A NEW OCCURRENCE OF HELVITE IN ROMANIA - OITA,
BISTRITEI MOUNTAINS
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Abstract: IR and X-ray tests revealed the presence of helvite in the Mn deposit from
Oifa, in greenschist facies metamorphic rocks, considered to have a sedimentary origin. It

is associated with rhodonite, thodochrosite and an anisotropic spessartine, The unit-cell
size of a = 8.279 indicates a danalitet+genthelvite content of about 10 %. The helvite
from Oita is the first Be mineral to be recorded in the metamorphic formations of the

Flast Carpathians.

Helvite, Mn(BeSi104)3S, has been known in Romania
“in two localities: Cavnic (Szabo, 1882; Zepharovich,
1893; Cadere, 1927; Helke, 1938) and Rosia Montani
(Helke, 1938), both of them in veins of Tertiary vol-
canics. Unlike them, the new occurrence was discov-
ered in a low grade metamorphic formation from the
East Carpathians.

The metamorphic rocks ol the Fast Carpathians
were attributed to several thrust nappes. The pile re-
sulted from pre-alpine thrusts has been cut by alpine
thrusts, giving rise to four major alpine thrust nappes,
each of them comprising the more or less completed

#suite of pre-alpine nappes, as follows:

- on top, Rarau Nappe which consists of medium-
grade Bretila Group;

— beneath, Putna Nappe comprising low-grade Tul-
ghes Group;

- Pietrosu Bistritei Nappe including medium-grade
Negrisoara Formation and Pietrosu Bistritei porphy-
roid;

- at the bottom, Rodna Nappe comprising medium-
grade Rebra Group.

Among the above-mentioned formations Tulghes
Group 18, by far, the richest one in ore deposits, be-
ing divided in four members: the oldest one is quart-
zose, detrital and barren; the second one is graphitic
with Mn deposits; the third one is metarhyolitic with
polymetallic deposits; the fourth one is detrital with a
bimodal volcanism and barren.

Oita is known as a Mn deposit in the northern
parts of the East Carpathians mined and quarried in
the black quartzites of the second member of Tulghes
Group. It consists of carbonate-silicate Mn ore which

turns into oxidic ore in the upper part. Towards its
bed, the vicinity of the adjacent schists has been ma-
terialized by a greater mineralogical diversity. It is
here where helvite occurs, as light green, up to a half
centimeter irregular aggregates, with an opaque ap-
pearance, a resinous lustre and an uneven [racture.
A poor cleavage can be casily noticed. The neigh-
bouring rhodonite, rhodochrosite and spessartine are
largely crystallized unlike the mass of the rock which
is iylonitic, fine grained. A few crystals of pyrite and
galena are scattered around. In thin section the helvite
from Oita has a high relief, an uneven surface and a
greenish shade. It is isotropic and shows no crystal-
lographic shape of its own; it just fills the space left
by the other crystals as if it had been the last to form
(PL, Fig. 1). It is usually invaded by an interlace-
ment of acicular crystals (Pl., Figs. 2, 3). The as-
sociated spessartine is strongly anisotropic and has a
zoned structure (PL, Fig. 3).

Helvite from Oita has been identified by IR analy-
ses (Tab. 1), using a German SPECORD M-80 spec-
trophotometer, and by X-ray spectrum obtained with
a Soviet DRON-3 diffractometer using a Cu-K radia-
tion (Tab. 2). The resulting refined unit-cell size of a
= 8.279 was determined with CAPA program (using
the least squares method for refinement). According
to Clark, Fejer (1976) this unit-cell size would corre-
spond to a relatively pure mineral with a éumulated
content of danalite, Fey(BeSiOy4)yS, and genthelvite,
Zn4(BeSi04)3S, slightly above 10 %. Qualitative clee-
Lron microprobe investigations have permitted to aver-
age a danalite content of about 10 % and a gentlhelvite
one below | .

4 \ Institutul Geologic al Romaniei
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Table 1

IR data for helvite from Oita

Measured | Moenke
values catalog
(em™") (ecm™')

420 424
536 535
T12 T06
T44 742
770 770
926 930
950 955

Table 2

X-ray powder data for helvite from Oita

o deate. hkl
(after Dunn)
4,152 4.147 200
3.700 3.709 2140
348G 3.3806 211
2.616 2,622 b
2.389 2.304 232
2214 2.216 321
2.070 2.073 400
1.951 1.955 330
1.850 1.854 420
1.806 1.809 421
1.6491 1.693 422
1.512 1.514 521}

Helvite is not the proper mineral for a deposit like
Oita. The Mn ore is cousidered to have a sedimentary
origin and the confining rocks are former sediments
too. Metamorphisim has not exceeded greensclist fa-
cies P, T conditions. No igneous or hydrothermal ac-
tivity is known for miles around. The assumption that
helvite would be inherited from a pre-metamorphic
material is to be deseredited from the very start. [t
looks more sensible Lo associate the presence of helvite
with fluid circulation from the surrounding silicate
rocks into the initial rhodochrosite body. This pro-
cess is proved by the numerous diaclases filled with

M. MUNTEANU

rhodonite, dannemorite or quartz and by the skarn-
like selvadge from around ore body. In such a hybrid
border helvite would be the result of reactions between
silica-bearing fluids and silica-poor country rock. Still,
the question ol beryHium source arises since the helvite
from Qita is the first berylliun mineral to be registered
in the metamorphic core of the East Carpathians.
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lea for TR tests; thanks are due to Mr. C. Viern who
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Plate

Fig. I Helvite(htj-center-anmng rhodonite erystals(rn).
Pavalelled nichols. The base of microphoto is 4,15 mim,
g, 2 Helvite(black) with included acieular crystals
Crossed nichols. The base of ninerophaotooas 1230 mm.
Fig. 3 Heivite(black ), vhodonite(rn ). rhodochrosite{ve) and garnet(gt).

Cromsesd pichols, The hase mierophoto is 13 i,
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Abstract: This paper presents the results of some experiments in which pyroxenic
masses belonging to the Ca0-MgO-5i02-Al2 O3 system have been crystallized. The main
component synthetized was diopside showing a limited range of jadeite mole percentage.
The crystalline phase shows a quite high Vickers hardness (720) and a high chemical
resistance (R=0.35 % after boiling for 3 hours in an IN HCl solution).

Introduction

The perforinances obtained by melting and recrys-
tallizing basalts are limited as a consequence of chem-
ical instability of iron oxides and of the simultaneous
presence of several mineral species whose crystal size
is frequently greater than 10 gm.

For the above-mentioned reasons, modern petrurgy
was oriented towards obtaining microstructures inelud-
ing a single mineral species with crystals as small as
possible. The reduced iron content represents a very
mmiportant condition imposed to materials ol this type.

In the present paper experiments of obtaining pyrox-
enic rocks with a low iron content are described; the
crystalline phase of such rocks is a phase ol diopside
composition and structure.

Methods and Analyses

The samples useld in experiments belong to the
Quaternary system CaO-MgO-Al,03-Si05, their ox-
ide composition ranging within the limits indicated in
Table.

Most of them have an Al4Qgz content of about 10 %,
which enabled us to represent theim in a 10 % Al,O4
section of the system.

The raw materials used in this experiment were the
following: volcanic tuff from Bocsa and Mirgid (Sélaj
district), sand from Surduc (Silaj district), limestone
from Baciu (Cluj district), dolomite from Voglobeni
(Harghita district). After weighing, the mixture was
melted at 1450° C' and the resulting glass was subse-
quently erystallized.

Table

Variation limits in the oxide composition of the synthetical pyroxene rocks

Si0; Al Oy TiO2 FeaOs

CalO | MgO Na, O K20 | )

50-65 | 9.5-10.2 | 0.1-0.12 | 0.72-1.21

15-24 | 10-17 | 0.47-1.80 | 1.60-2.20 |

/ \\ Institutul Geologic al Romaniei
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Among the main elements of the system, Ca*t has
the role of stabilizing the [Si0204]L anion groups,
providing the control of the crystallizing mechanism
and the formation of the pyroxenes (Lipovski, Doro-
feev, 1972).

The R** ions association generates conditions for
the development of monocline pyroxenes (Han, 1963)
and the presence of MgO in masses with low iron
content leads o the formation of diopside (Kalinina,
1963).

While calculating the composition of oxides, the ex-
istence of the above-mentioned criteria was tharoughls
supervised, so that a microcerystalline material consist
ing of about 90 percent diopside crystals and glassy
phase making up less than 10 percent has hecn ol
tained.

10 20 30 40 50 60 70 80 90

Fig. 1 The CaO-MgO-Al;O4-8i105 Quaternany system
(10 % Al O3 section of the system) (Phase Diagrins for
Ceramisis, 1968); The Ca acid coeflicient values are spec-
ified for the projection of each composition.

The small quantities of NasO enable jadeite to form
by replacing the (Ca®**-Mg?t) groups with the (Nat-
APt groups (Rankama, Sahama, 1970). Pyroxenes
are characterized by an extensive isomorphism, so that
the jadeite moles can be included in the diopside com
position. It is known that diopside may contain up 1.,
30 % mole jadeite (Kalinina, 1963).

The fine-grained aggregate obtained is practically
monomineral, a very important condition for generai
ing materials with certain physical and chemical prop-

erties. A uniform dilatation of the crystals will prevent

the appearance of fissures and tensions i the material.
The nucleator employed was lluorine and chrome-
spinel on which diopside crystals up to 3-4 jamn in

lnetitiit
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size have formed. The marked tabular habit is a
consequence of the ratio [Ca/(Fe+Mg)]>1 (Hietannen,
LO71). The diopside erystal aggregate exhibits a nearly

‘continunous developed pellicular vitreous phase (Fig.-

[, 2
agalomeration separated by the vitreous phase which is

Crystads of tabular diopside (D) stroctuned i

atticked by I during the corroding process in the mix-
ture (S). (SEM).

I Cal®y is used, a very long melting interval is to be
awoided to prevent fluorine losses. Masses lacking in
flnor do not. crystallize properly (Ciontea et al., 1977).

The X-ray diffractograms reveal a uniform compo-
sition of the samples containing diopside with a small
smonnt of jadeite moles. (Fig. 3).

D = DIOPSIDE

J=JADEITE

DJ| D {60,

D [ 2od
D D D D
DD

iJ

50 . 40 30 20 10

28 =—

Fige 4 Nevay dilleactogranus of samples from v

thetie pyroxene rocks (Cul, radiation).

The tabular habit of the diopside is a consequence of
improper crystallizing conditions. The exotherm peak
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of DTA curves proves the existence of a network with
a lower degree of ordering through the large hases and
the diffuse peak of 945" ' (g, 1)

DTG

945

DTA 77 75 80

CRYSTALLIZED GLASS

16

20 500 1000°C

[Fip: 1

crystallived gliass (dashes).

IVEA analvsis performed on glass cod

The IR spectrophotometry demonstrates that struc-
tural glass elements form a network with certaim devi-
ations from the standard (diopside from Baita-Bihor)
during the crystallizing process (Fig. H).

The obtained microstructure and the presence of
diopside as a erystalline phase confers the obtained
masses a good chiemical resistance (R=0, 35 % alter
boiling for 3 hours m an IN HCI solution) and a rela-
tively high hardness 11, =720.

Conclusions

Synthelic pyroxene masses belonging to the CCaO-
MgO-Al05-S104 system contain more than 90 % mi-
crocrystals, the rest being residual glass. The crys-
talline phase consists of diopside with a low jadeite
content.,

Experimental samples have a good chemical resis-
tance and mechanical characteristies which enable us
to consider that they may be suecessfully used in pro-
ducing isolators, agate substitutes, ete.

131
DIOPSIDE STANDARD
CRYSTALLIZED GLASS
GLASS
400 J 060 B(I)O I 10;)0 l 12I00 l 1400
(em=)
Fig. 5 1R spectra of glass, crystallized glass il

standard diopside from Baiga-Bihor.
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SOME ASPECTS REGARDING THE SYNTHESIS OF PYROXENIC
AGGREGATES WITH SPODUMENE
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Abstract: The paper presents the synthesis of several pyroxenic aggregates in the system
LizO-MgO-Al; 04-Si0; using 1705 as crystallization stimulator. The product obtained
consists of a crystalline phase with more than 90 % spodunene, associated with “sili-a

O”. The residnal glass covers the crystal as thin films of less than 1 pm in thickness.
The thermal expansion cocflicient is 3.66.107% ¢~ '

Introduction

Glass-ceramics represents a group of materials with
LiyO-
bearing pyroxenic aggregates have been synthetically
obtained using a natural starting material (Contu spo-
dumene) and then sistematically studied.

special properties for varions industrial uses.

The product obtained shows a low thermal expan-
sion coellicient.

Experiments and Results

The experimental samples belong to the Quater-
nary system LinO-MgO-Al203-S10y with compositions
ranging within the limits indicated in Table.

Collective concentrate of rutile-anatase extracted
from the heavy minerals fraction resulted from the Sur-
due sand (Sélaj district) was used as crystallization
stimulator.

The mixture was melted at 14301460 C and the
obtained glass was subsequently erystallized.

The crystallized samples have a violel colour due to
the absorption in the visible domain, produced by the
transition Ti!V -TiV! a1 600" C' (Junina et al., 1974).
The oxygen defliciency has appeared as a result of the
AVI-AUY transition, which enables the aluminium
Pavluskin (1979) noticed the
mentioned modifications as specific for the glasses with
AlLO4/LisO in which ALTY compounds have formed
even in the first phase,

silicates to instabilize.

Si0, AlO3 FeaOa CaO

MgO Nay O+ K20 Liz O 110,

62-66  10-15  0.5-0.8 0.4-0.7

3.5-4.9

2.0-5.3 4.0-4.8  2.0-4.8

The raw materials include Cerigor-Lelese steatite, Sur-
duc or Miorcani sand and Contu spodumene. In or-
der to raise the Li-O weight percent of the mixture,
LiaCO4 was added in different quantities.

Generally, the opinions regarding the evelution of
nucleation in glasses with LisQ and TiOy are diver-
gent. Authors such as Bezborodov (1982) sustain the
appearance of rutile directly from the cooling melt,
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whereas Kirsch (1990) notices the formation of the
secondary rutile as a result of the decomposition of a
solid solution MAT (magnesium alumino-titanate) at
900° C. Lee and Davis (1967), cited by Bezborodov
(1982), describe the formation of acicular nucler of
Aly04.Ti0» on which spodumene is directly deposited.
However, some experimental data show that eueryptite
or metasilicate and Li-bisilicate may form prior Lo spo-
dumene (Pavluskin, 1979; Veisleld and Seliubski, 1972
cited by Bezhorodov, 1982).

Analysing the causes of the initiation of a crystalliza-
tion process, the existence of delects on the corners and
edges of the nuelei is generally accepted. Amato (1073)
remarks a migration of the vacancies towards the zones
exposed to a compression stress at the boundary he
tween crystal and glass.

The different thermal expansion coefficient is -
sponsible for this type of stress. As a resull,
stressed zones within glass become the sites ol sev
eral crystallization centers (Duca, Duea, 1990 unpubl.
data).

Such an explanation may perhaps by extended 1o
the separation limit between glass and the areas with

the

a different composition segregated in drops as a resuli
of the liquation process.

5=SPODUMENE 3
Q=QUARTZ

{107

s
T ’r = v
40 30 20

20—

Fig. 1 Xeray dillraction pattern of the pyroxeni
synthetic rock (Culk, radiation).

In the examined sample the high viscosity of tl
glassy phase has maintained a relict liquated strn
ture (PL, Fig. 1}. The defleets associated with a hisl
viscosily played an important role in crystallization
process (Junina el al., 1974). The presence ol ‘170,
lowered the value of the surface tension thus facilitan-
ing the formation of the crystals (Fedorovski, 1963).
Most of the samples present a structure characterized
by a uniform crystal size (Pl., Fig. 2).

The X-ray diffraction patterns of the crystallized
samples are identical, confirming the presence of spo-
dumiene as a main phase, associated with the so-called

V. DUCA et al.

"silica O, The last one is actually high temperature
quarlz, fixing Mg®* and Li* jons in the presence of
Al» Oy, so that Lhe structure becomes stable upon cool-
ing. One of the peaks corresponding to 2.5 A has not
been identified (Fig. 1). The thermal expansion coef-
ficient of the "silica Q" is of 5.107¢ C~! (Bezborodov,
1982).

Figure 2 presents the dimensional change of both
glass and erystalline sample as function of the tem-
perature, the glass-ceramics has a thermal expansion
coefficient of 3.66.10~% C~!, for temperature ranging
between 20-700" C. The sample with 65 % has the
melting point at 1160° (Fig. 3).

AL%00
Lo

4

24

CRYSTALLIZED GLASS.-

14

200 300 400 500 600 700 800 900 1000 C

e 20 Danensional changes lor glass-ceramicos as

P i ol tetmperature.

35°/. MgO

Protoensiatite

Forstente

N = aNe ___1) Cordierile

Lithium
Metosilicate

[

™5
@

35%Li,0 35% ALO,

g 80 Meltg temperatures of several compositions
e the system LipO-MgO-AlyO4-Si0s corresponding,
to the plane with 65 % SiOs (Prokopowiez and Hume-
wel, 1956 cited in " Phase Diagrams for Ceramists”
(1968) vol. 1I, The Amer. Ceram. Soc., Columbus,
Ohio, 601 p.)

The infra-red absorption spectruin indicates the ex-
istence of structural elements, ordered during crystal-
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Plate

Fig. 1 - Crystallized area in the frame of a velict liguated stracture, SEN picture,
Fig. 2 lsometrie erystals  with maxinnon size of 2 om0, The glassy thin film has been disolved by corrosion with 11

sample preparation, SEM pictare,
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SYNTHESIS OF PYROXENIC AGGREGATES WITH SPODUMENE 135

lization so that their appearance is similar to that of Conclusions
standard (Fig. 4).

The obtained synthetic rocks belong to the system
LisO-MgO-Al4045-Si104 and contain spedumene and
silica O7 as erystalline phases. Pure TiO» was added
a~ i erystallization stimulator in amounts varying be-
tween 2 and 4.8 %, The resulted product consists
ol iometrie erystals of maximum 2 jan in size and

SPODUMENE STANDARD

a glassy thin film of less than <l pm in thickness.
By their reciprocical digplacement and dimensions the
lwo phases have a positive inflluence on the physical
CRYSTALLIZED GLASS and mechanical properties of the glass-ceramic mate-
rial. As a consequence, these results are the premises
for future practical applications.
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