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MANGANESE OXIDE MINERALS

Rudolf GIOVANOLI

Institute of Inorganic Chemistry, Laboratory of Electron Microscopy,

University of Berne, P.O.B. 140, CH-3000 Berne 9 (Switzerland)

Key words: Manganese oxides. Phyllomanganates. Tunnel manganates. Structure.
Ion exchange. Classification.

Abstract: Manganese oxides and Oxidehydroxides generally occur as finely divided and
disordered compounds in a variety of phases. There is a series of simple binary oxides:
Manganosite MnO. Rocksalt structure. Partridgeite a~Mnz0Os;. Rare Earth C-type
structure Hausmannite Mn3z Q4. Structure derived from spinel type. Pyrolusite f~-MnO;.
Rutile type. Nsutite y-MnO,. Diaspore type with randomly distributed single chains
of edge-sharing [MnOsg] octahedra. Another group has a metric similarity to phyllosili-
cates and is called phyllomanganates. 10 A phyllomanganate shows exchange properties
and collects transition metal iaps like Cu®t, Co®t, Ni** but also Ca*t and Zn*t. Its
dehydration product is 7 Aphyllomanganate (birnessite) also with exchange properties,
but less pronounced. 10 A phyllomanganate expands from 10 to 26 A layer separation
by intercalation of dodecylammonium chlorite, precisely as some 10 A phyllosilicates
do. A third group has structural tunnels and may be called tunnel manganates. This

group requires large cations to be stable, e.g. Ba®t, K*, Sr**, NHJ, Pb®*: Hollandite
BaMngO,s, Cryptomelane KMngO,5, Coronadite PbMngO;5. This group has square
tunnels along the needle axis. The large cations sit tightly in these tunnels and cannot
be exchanged. Another mineral species of the name psilomelane (romanéchite) has sim-

ilar tunnels, but with a rectangular cross section such that 1 Ba?* and 1 H2O molecule
can be accommodated. While the members of the hollandite tunnel manganate group
are very stable mineral species, psilomelane (romanéchite) is less stable and its tunnels
collapse, when heated, under water loss to hollandite tunnels. Also frequent intergrowth
of hollandite microdomains in a psilomelane (romanéchite) matrix has been observed.

Introduction

Manganese oxide minerals occur in nature frequently
as finely divided, nearly amorphous, nonstoichiometric
compounds with many admixtures. The usual chem-
ical formula "MnO,” does not apply very often and
some of the more important minerals include OH™
groups and even molecular water in their lattice. In
addition to this, we find adsorbed water and adsorbed
foreign cations. These cations are sometimes difficult
to distinguish from lattice constituents.

We have undertaken, in the past 25 years, efforts
to synthesize in the laboratory these phases as crys-
talline and as stoichiometric as possible. The aim was
to study their reaction pathways and their intercon-
version mechanisms.

Simple Binary Oxides

There exists a range of simple oxides with fairly sto-
ichiometric composition. These will not be the main
subject of this article but they may turn up as prod-
ucts in some reactions. The most important minerals
species are the following:

- MnQO Manganosite. Usually black, may be also green.
Rocksalt type structure.

-~ Mn3O4 Hausmannite. Black. Tetragonally distorted
spinel structure,

~ B-MnQ» Pyrolusite (= polianite).
type.

- v=MnO,. Black. Diaspore type with randomly in-
serted microdomains of rutile type.

Black. Rutile
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— Mns0gs. Black. Produced in laboratory oxidation
of MnzOy4 under mild conditions. The lattice can be
. described as a layer structure.

- a-Mny03. Partridgeite. With Fe* substituting
some of Mn3t: Bixbyite. Black. C type of Rare Earth
oxide structures.

Simple Hydroxides and Oxide Hydroxides

- Mn(OH},. White if pure.
prepare in the laboratory. Oxidises very fast.
found in nature. C 6 type.

- v-MnOOH. Manganite. Most frequent oxide hydrox-
ide. Structure type derived from rutile.

- a-MnOOH. Groutite. Very rare. Diaspore type.

- f-MnOOH. Isostructural with Mn(OH),. Very rare.

Extremely difficult to
Not

Phyllomanganates: Structure and Ion Ex-
change

Historically, phyllomanganates have first been found
(without being recognized) on the Challenger expedi-
tion in 1873 in the form of deep sea manganese nod-
ules (Linklater, 1972). In the laboratory, they first
turned up in analytical experiments (Sarkar, Dhar,
1922). Their true nature was independently found out
by Feitknecht and Marti (1945) in Berne and by Wad-
sley (1950) in Australia. The nature of manganese
nodules was recognized by Buser and Griitter (1956)
again in Berne.

Phyllomanganates consist of a layer lattice (Fig. 1).
[MnOg] octahedra form layers by edge-sharing that are
a hexagonal dense packing of 0®~ and OH~ ions. In
this respect they have a close metrical relationship to
the layers of phyllosilicates (clay minerals). The dis-
tance of 2 neighbouring Mn*t ions is 2,85 A and the
layer separation can have two possible values, namely
10 A and 7 A. 10 A phyllomanganate dehydrates to
- form the 7 A phase.

Fig.

1 - Schematic representation of the phylloman-

ganate structure. [MnQOg] octahedra form the main layers

by edge and corner sharing. The ¢, distance depends on
! the interlayer content,

R. GIOVANOLI

The 7 A phyllomanganate occurs frequently in na-
ture. It was named birnessite by Jones and Milne
(1956) but another variety is much older and is named
after the mine of Rancié (Ariége, France). It has been
described in another deposit by Bardossy and Brind-
ley (1978). In the laboratory the 10 A phase can be
produced by vigorous oxygenation of freshly precipi-
tated Mn(OH)2 in an alkaline suspension. It consists
of platelets of about 1 g diameter and 200 — 400 A
thickness. The electron diffraction shows the promi-
nent pseudohexagonal spots and the weaker superlat-
tice reflections (PL. I, Fig. 1).

The proof of the layered structure has unambigu-
ously been given by Paterson (1981) who showed in-
tercalation with the dodecyl ammonium ion in a way
similar to certain clay minerals (Pl. I, Fig. 2). The
layer separation increases from 10 to 26 A and many
orders of the basal reflection can be observed.

The dehydration of 10 A phyllomanganate is usually
irreversible and the dehydration product (7 A phyllo-
manganate) cannot be intercalated with dodecyl am-
monium ion. If, however, the initial 10 A phase has
been treated with Ca®* ions (i.e. if the Nat content
has been totally exchanged against Ca®% ions), then
the dehydration is fully reversible,

There exist also disordered varieties. These have or-
der only within the layer (hence the 2,44 A reflection)
but perpendicular to the layer there is random stack-
ing and the basal reflections and pyramidal reflections
are missing. This phase has formerly been called ”é-
MnQO,” and Arrhenius et al. (1979) have proposed
a more appropriate designation: Z disordered man-
ganate or zy manganate. Such phases may be pro-
duced in the laboratory, e.g. from KMnQ,, and they
are nearly amorphous and have a Kt content that nu-
cleates very easily the formation of the tunnel man-
ganate KMngO,s (mineral name cryptomelane; see be-
low) (Fig. 2). -

The 10 A manganate is a selective ion exchanger
as pointed out by Wadsley (1950). It scavenges tran-
sition metal ions like Co**, Ni*t, Cu?t, Zn?t and
some other ions. We have investigated this reaction
and show in Figure 3 exchange curves with Cu®t and
10 A phyllomanganate. The 7 A phase has less pro-
nounced ion exchange properties and Figure 3 shows
some curves with Zn?* as an example.

While the 10 A phyllomanganate without transi-
tion metal ions dehydrates easily in air, the exchanged
products are fairly stable. This is reflected in a slight
contraction of the layer separation that occurs within
15 minutes without altering the morphology (Pl. I
Fig. 3). y
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MANGANESE OXIDE MINERALS

o 1
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2 — Densitometer traces of four X-ray powder

20°

Fig.
patterns of nearly amorphous zq4 manganate samples (for-
merly called "§-MnO3").
of poorly crystalline cryptomelane [KMnzOis for compari-

On top the densitometer trace

son. zg manganate contains frequently K ions and these

can nucleate cryptomelane.

The Composition of Phyllomanganates

Depending on the history of the preparations, phyl-
lomanganates can vary widely in composition. The 10
A phyllomanganate of Figure 2, the most crystalline
preparation, cannot be analyzed as the substance de-
hydrates in air. Its dehydration product, however, can
be analyzed and this 7 A - phyllomanganate gave the
analytical composition NagMn;4027.9H20 (Giovanoh
et al., 1970).

If we accept a hexagonal dense oxygen packing, we
can accommodate this analysis in the following struc-
tural formula:

Mnt
Mn2+

[Mni*( )012)t - [(OH )3 - (H20)9Nay]™

Main layer Intermediate layer

This formula indicates in the first square bracket the
contents of the main layer, where 1 out of 6 Mn** ions
is vacant. Above and bhelow the vacant site there is
one Mn?* and Mn®* ion, respectively.

The second square bracket indicates the contents of
the intermediate layer, where 3 out of 12H,0 molecu-
les are replaced by 3 OH™ lons to balance the charge
of the main layer.

The 2 Na¥ ions as well as the Mn** ion in the in-
termediate layer can be exchanged against transition
metal ions. The 2 Na™ ions can also be leached by
careful treatment in dilute nitric acid and the result-
ing product shows a higher analytical oxidation state

MA - BISERITE + 0,001 H Cu”*/0,01 M e

0.7

HA - BUSERITE + 06,0001 M Cu”* /0,001 H Na®

“\

0.5 1

(0.4 1

0.3 1

MA - BUSERITE + 0,001 M (o’ /0,000 M Ha®

M\ - BIRMESSITE + 0,0001 M 26" /0,01 M ba*

,::i:(

+ T

OH
TEMPS

Fig. 3 - Exchange curves for 10 A~ and T A -phyllomanganate samples in suspension
with Cu®t and Zn®% ions, respectively. o = | represents a saturated sample as

received after day long standing in a 0.1 = M solution of the sali.

reaction.

Note the fast
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of the Mn ions, i.e. the Mn®t in the intermediate
layer is oxidized to Mn®*. The analytical formula of
this product is Mn7043.5H20. It is relatively stable
and can be stored in air, but within years the water
is lost and the product turns finally into a y-MnO, of
very poor cristallinity.

Reactions of Phyllomanganates

Na-phyllomanganate reacts with protons. In
acid suspension it first releases Nat, then Mn?t.
The product oxidises to an analytical composition
Mn7O;3.5H,0. It shows a hexagonal powder pattern
without the orthorhombic superstructure of 7 A-Na-
phyllomanganate. This product results in slightly acid
conditions both from 10 A - Na - phyllomanganate
and from 7 A - Na - phyllomanganate. Such a product
has been found in nature in the Rancié mine (Ariége,
France) (Pl. I, Fig. 4).

If the reaction with protons is prolonged or if higher
acid concentrations or higher temperatures are ap-
plied, the phyllomanganate structure is destroyed and
1-MnOs (nsutite) nucleates. The platelets of the start-
ing product become rafts of v-MnOy needles and fi-
nally fall apart (PL I, Fig. 5).

Figure 4 shows in a very schematic and simplified
manner the structural changes from the layer lattice
of the starting product to the goethite type lattice of
the ¥~-MnQOs,.

7 A - Na-Manganate(IV) ¥-MnO,

a, Projection [010]

———

R T AR, I z

b. Projection 001!

RO AR YLV CYORCAC O Y
L]

RO OO OO

RO OO CYCTCYAYC S
a, n-'I0.0Qa ——e s e b, =935 A
b, ~853 A3 ———— ©C, =2849A
c, =1426A

—_——

Fig. 4 - Schematic drawing illustrating the decay of the
phyllomanganate lattice to y-MnOz. The v-MnO; lattice
is viewed along the needle axis.

The formation of v-MnQO, occurs only in the absence
of large catious like KT, Ba?*, NHJ, Pb?* and oth-
ers. Also there is not o n e particular compound but
¥-MnO» forms rather a g r o u p of compounds that
may differ in crystallinity, disorder and oxidation state
of the manganese ion. The highest oxidized product
in our experiments was MnOj g6. All this variability

R GIOVANOLI

is shown in 3 examples of v-MnQq with the X-ray
powder patterns (P1. 11, Fig. 1).

The reflections are broadened selectively and asyni-
metrically indicating the particular disorder described
by de Wolff (1948). Depending on the way of prepa-
ration, reflections may be missing entirely; they are so
broad that they disappear in the underground noise.

Refluxing in 2-M HNO3 at 98" C leads to a rather
crystalline y-MnQs in the form of well developed
prisms. If the refluxing is extended to several months,
3-MnQ, (pyrolusite) nucleates. This is the thermo-
dynamically stable form of the [MnOs]. v-MnOj is,
however, indefinitely metastable. It is mined in huge
quantities, e.g. in Moanda (Gabon) or in various de-
posits of Brazil. v-MnQO, is electrochemically active
and is therefore used as oxide cathode in dry batteries
of the Leclanché type or the alkaline MnOsy type.

These valuable properties are due to the goethite
type of ¥~MnO+, where there is the possibility of proton
diffusion along the crystallographic ¢ axis (Fig. 5).

Fig. 5 ~ Goethite structure. The white diagonal sticks
represent the hydrogen bond. These hydrogens can diffuse
in and out of y-MnO> as protons.

The cation free 7 A - phyllomanganate Mu;O, ;.
5H.0 can also be reduced. A particularly mild reduc-
ing agent is cinnamic alcohol which has first been intro-
duced in the field of manganese oxide reduction by Ga-
bano et al. (1965). In a xylene suspension the mild re-
duction at moderate temperatures leads to v-MnQOOH
in the form of very thin needles. Again this reaction
is structurally guided: The platelets of the starting
product form rafts of y-MnOOH needles and the se-
lected area electron diffraction shows that these nee-
dles are highly oriented. +-MnOOH (mineral name:
manganite) is the thermodynainically stable [MnOOH]
and can also be found in natural deposits (Pl. I,
Fig. 2).

If v~-MnOOH is oxidized (as a dry powder, under
flowing oxygen, or in an acid suspension), the result-
ing product is #-MnQO4 (pyrolusite). The analogous
reduction of 4-MnO» with cinnamic alcohol leads to

a-MnOOH (mineral name: groutite). If reoxidized

(,\l Institutul Geologic al Romaniei
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MANGANESE OXIDE MINERALS

(dry or in suspension), this a-MnOOH produces -
MnQ3,. Both have the diaspore type (Fig. 5) and their
interconversion is structurally guided (" topotactic”) in
that only the diffusion of protons is involved. The
matrix lattice is slightly distorted by the reduction of
Mn*t to Mt due to the Jahn-Teller eflect.

Tunnel Manganates

It has been pointed out at various occasions in the
above text that large cations like K*, Ba*, NHF,
Pb*t, Sr?*, Cs* play an important role in the reac-
tions of phyllomanganates. Even in the case of aque-
ous precipitation these ions can direct, the reaction in
a particular way: they lead to tunnel manganates.

Tunnel manganates have a very stable lattice with
the large cation Me®t in a tight fit as shown in
Figure 6.

Fig. 6 - Schematic drawing of the structure of 2 x 2

tunnel manganates MeMngOqg. The size of Me is grossly
exaggerated to underline the tight fit in the tunnel.

The tunnel manganate with K% is called cryptome-
lane. Needle-like cryptomelane is shown in Fig. 3,
pl. 1. With Ba®t it is called hollandite and with
Pb*t coronadite. All these phases have the composi-
tion Me MngQ,5. The frequently quoted composition
MesMngQig could not be confirmed in our laboratory
products except for a variety with Na¥ in the tunnels
(Giovanoli, Faller, 1989).

Tunnel manganates are frequent in nature since the
K* ion is an everpresent weathering product of ortho-
clase. Where lead deposits in the neighbourhood of
manganese deposits are remobilized, the formation of
coronadite can be observed (Perseil, Giovanoli, 1988).

Tunnel manganates, especially cryptomelane and
hollandite, are so stable that they usually stand at

the end of a reaction sequence. They cannot trans-
form to other mineral species. Only treatment in very
concentrated acid leads to dissolution.

In our synthesis experiments we produced under par-
ticular conditions another tunnel manganate, called
psilomelane (romanéchite). As shown in Figure 7, this
phase has a larger tunnel and can accomodate 1 Ba®*
ion and 1 HoO molecule.

Fig. T - Schematic drawing of a 2 x 3 tunnel of the

psilomelane (romanéchite) structure. In this tunnel 1
Ba?* and 1 0O can be accommodated side by side.
Courtesy of Prof. P. Buseck.

Figure 4 in plate II shows how the psilomelane nee-
dles grow of a phyllomanganate platelet in the 3 hexag-
onal directions. At the end of the reaction the platelet
disintegrates and the final product consists of needles.
An undersirable by-product that we have frequently
encountered in this and some other reactions is MnsQ,
(hausmannite). It forms bipyramids and is rather sta-
ble; 1e. it cannol be easily transformed mto other
phases. By refluxing in nitric acid it transforms, how-
ever, to ¥~MnQ5 (nsutite) and eventually to f~MnQO»
(pyrolusite).

Synthetic psilomelane needles are not fully crys-
talline. They show a type of disorder that can be
observed directly in the transmission electron micro-
scope. Tligure 5 in plate IT shows a hollandite needle
with the smaller tunnels and a psilomelane needle with
the larger tunnels intergrown with narrower tunnels in
a statistical way.

Conclusion

Figure 8 summarizes the reaction pathways in the
field of manganese oxides and hydroxides that have

4 \\ Institutul Geologic al Romaniei
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been investigated by the author. It starts on top
with the hexaquo manganese (II) ion that is precip-
itated to form Mn(OH}a.

hausmannite”.
this mixture oxidizes to yv~-MnOOH (manganite) and
Fast oxygenation leads to at elevated temperature to ~-MnOs« (pyrolusite).

Upon further interaction with oxygen

Mn(H 0)5] _ @ Mn.0O,
3 Oz B-MnOOH
.|illl'
2+

Me, M"ao1e Na*/ ug* CO?*N.xe
Hollandite Zn 0,
Cryptomelane, NaBuserite i ) ‘
O3 Hor H* S,0% A ;
or electrolyt. / L |
deposition: / +-H20 /[stable')/ a-Mn,0,

/ ¥-MnO, ﬁ'Ml‘lO //V'

-MnO, e 00 ¢

Fig. 8 — Schematic summary of the reaction pathways investigated.

10 A - phyllomanganate (here called Na-buserite) that
can react in various ways down to the bottom of the
figure. A sideline reaction (far left) indicates that in
the presence of K*, Ba?t, .. cryptomelane forms from
the Mn?* precipitation. This tunnel manganate stays
as it is and does not react in any way.

A second side line to the left indicates the industrial
production of electrochemically deposited manganese
oxide (epsilon-MnQO3) which is used in dry batteries.
Upon ageing in acid suspension the spherical aggrega-
tions of the tiny platelets of epsilon-MnQ4 turn into
spherulites of v-MnQ,. Extended refluxing leads to
f-MnOsy. On the right hand side there is yet another
sequence that starts with dry Mn(OH), powder in a
humid atmosphere. In air the Mn(OH).» platelets ox-
idize to a mixture of MnzO4 bipyramids (hausman-
nite) and platelets of f~MnOOH (feitknechtite). The
mixture has initially but wrongly been named "hydro-
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Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Plate T

la. — Selected area electron diffraction of a 7 A — phyllomanganate crystal. The subcell is hexagonal.
There are many superstructure reflections indicating that the true symmetry is lower.

1b. — Crystals of 7T A - phyllomanganate.

2 — X-ray powder pattern of 10 A phyllomanganate before (above) and after (below) intercalation with
dodecyl ammonium ion.

3 — Electron micrographs of exchanged 10 A — phyllomanganate (a, b), electron diffraction (¢) and X-ray
powder patterns. The exchanged ion in this experiment was Cu®*. Note that within 15 minutes the slight
lattice contraction is completed.

4 — Ranciéte from Rancié mine (Ariége, France). Scanning electron micrograph of naturally leached
platelets. Courtesy Dr. E.A. Perseil.

5 — 7 A —phyllomanganate before and after treatment in dilute nitric acid. The platelets decompose to
prismas of -MnQr. ’
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Fig

Fig.
Fig.

Fig.

Plate II

. 1 — Three varietes of synthetic v~-MnQ4 (X-ray powder patterns).
From top: — Precipitated by Oz from an acid MnSO4 solution
- Precipitated by S,02~ from an acid MnSO,4
— The same product after refluxing several days in 2 M HNO,.
. 2 — Electron micrographs (carbon replica technique) of Mn70;3.5H50 (leached 7 A ~ phyllomanganate)

before and after reduction with cinnamie aleohol in wylene suspension under mild conditions. ¢) and d)
are the respective selected area electron diffraction.

3 — Needles of hydrothermally grown cryptomelane KMnzO,6.

4 — Three stages of the transition of a phyllomanganate platelet into psilomelane (romanechite). The
needles grow out of the platelet in the three hexagonal directions. The very small bipyramids in ¢) are
Mn30y4, an unwanted side product. — a and b: Direct pictures; c: Replica.

5 — Transmission electron micrograph of a hollandite needle and a psilomelane needle. Both are lying
flat on the specimen grid and the tunnels can be directly-seen. The psilomelane displays the broader
tunnels intergrown with the narrower hollandite tunnels.
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Abstract: Mineralogical evolution of manganese in the Oita Concentrations (Bistrija
Mts) East Carpathians - Romania. The ferromanganese concentrations of the easi
Carpathians are enclosed in a horizon of black quartzites of the Tulghes Cambrian se-
ries. This series belongs to the metamorphic formations of the alpine sub- bucovinian
nappe. The mineralized body of lenticular form consists of alternating ferromanganesian
carbonates, silicates and oxides. Most of the oxides are the result of the oxidation of
carbonates and silicates, with the exception of garnets which undergo a slight hydrolysis
followed by the replacement either by carbonates or by members of the cryptomelane-
hollandite group. The ore bodies have a lenticular shape and are intercalated in black
quartzite horizons in a concordant manner. They consist of an alternation of carbonates,
silicates and oxides; in the Oita deposit we have rarely found primary oxides, compared
to what is known in other deposits of that group. It consists mainly of pyrophanite and
manganesian ilmenite. Both give indications not only on the oxygen fugacity but also
on the intensity of metamorphism. The carbonate bands at the base of the body of
Oita shows numerous inclusions of iron and copper as well as sulpharsenide of cobalt and
nickel. Within the ore, however, the content in transition elements is low. The overall
analyses of the ore are sitnated in the region of hydrothermal concentration near the
alpine ore bodies in the diagram of Bonatti. Within the various oxidation products an
oxide identical to the e- MnO; phase (an industrial product for dry batteries; trade name
FARADISER M) has turned up and the paragenetic relations of this phase are discussed.

Introduction

Les concentrations ferro-manganésiféeres des Carpa-
tes Orientales sont contenues dans les formations mé-
tamorphiques du socle de la nappe sub-bucovinienne.
Au sein des formations métamorphiques, les concen-
trations ferro-manganésiféres auxquelles sont associés
des sulfures polymétalliques stratiformes , constituent
la série cambrienne de Tulghes. Les échantillons que
nous avons analysés proviennent de la carriére Oita,
qui appartient au groupe de concentrations de Ia-
cobeni - Sarul Dornei (lanovici, 1956). De méme
que tous les autres gisements ferro-manganésiferes

des Carpates Orientales, le gisement de Oita est
enfermé dans 'horizon de quartzites noirs, qui est
considéré comme un repere (lanovici, 1956) dans la
métallogénie du manganése. Les corps minéralisés
ont une forme lenticulaire - dont les dimensions peu-
vent varier de quelques centimetres 4 quelques cen-
taines de métres; intercalés d’une maniére concordante
dans I'horizon de quartzites noirs, ils sont constitués
d’une alternance de carbonates, silicates et oxydes. La
présence de quelques sulfures a été signalée sans que
I’on ait pu établir leurs liens avec les paragenéses man-
ganésiferes (Balan, 1976).
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Une texture rubannée discréte , a l'intérieur des
corps minéralisés, résulte de ’alternance de bandes
rose pale de silicates manganésiféres avec des bandes
gris-brunatres de carbonates. Des filons gris-rose de
carbonates associés au quartz, traversent la structure
rubannée.

Les oxydes primaires - assez rares dans le gise-
ment de Oita- sont représentés , soit par des lamelles
de pyrophanite associée a la pyroxmangite, soit par
des inclusions d'ilménite-manganésifere dans les plages
de cummingtonite manganésifere. Pour Craig et al.
(1985) la pyrophanite, qui indique un métamorphisme
intense, caractérise des milieux riches en manganeése
el en titane a fugacité d’oxygéne anormalement basse.
On peut constater dans le diagramme triangulaire
(Fig. 1) que si les lamelles de pyrophanite s'inscrivent
dans le domaine classique, par rapport aux données de
Craig et al. (1985), les inclusions, par contre, occu-
pent un champ plus large qui correspond au caractére
ferro-manganésifere des concentrations. Balan (1976)
considérait aussi la pyrophanite comme un témoignage
du chimisme des dépots initiaux.

FeO a1

TiO2
Fig. 1

MnC

La position des pyrophanites de Oita dans le
diagramme triangulaire MnO-TiO;-FeQ. |,

de pyrophanite; 2, Pyrophanite en lamelles.

Inclusions

Les sulfures et les sulfoarséniures associées aux
carbonates et aux grenats ont été pour la premiére
fois mises en évidence dans les couches de la base de
la lentille minéralisée a Oita. Les ilots de pyrite trans-
formée en magnétite sont tres fréquents dans la masse
des carbonates, & la base de la lentille. L’analyse
ponctuelle de ces pyrites indique des traces sensibles
d’arsenic, qui peuvent atteindre jusqu’a 3%, en con-
centration, du cobalt ou du nickel qui dépassent sou-
vent 3% en concentration et des traces significatives
d’or, d’argent et de bismuth. Des fantomes résiduels

E.A. PERSEIL et al.

de pyrrhotite témoignent de la présence du milieu oxy-
dant.

De nombreuses inclusions, qui prennent parfois
’aspect de nuages opaques, perturbent la transparence
des plages de rhodochrosite, que 'oxydation n’a pas
entamées . Des inclusions du méme type ont été
mises en évidence & la périphérie des plages de grenats.
L’analyse ponctuelle & la microsonde (sur les plages
dépassant 5 pm) a révélé la présence de deux sul-
foarséniures de cobalt, la cobaltite (CoAsS pseudo-
cubique) et 'alloclastite (CoAsS-orthorhombique). On
remarque aussi des termes plus riches en nickel
assez proches de la gersdorffite. Nos analyses
ponctuelles attestent aussi de la présence du man-
ganése, qui n'a jamais été signalé dans ces phases
(jusqu’a 3 % en atome), aussi bien dans les plages
d’alloclastite que dans les plages de cobaltite. La
teneur en fer de ces plages est plus importante que
dans les échantillons d’alloclastite des Hautes Alpes
(France), analysés par Maurel et Picot (1973). Les
caractéres optiques de l'alloclastite sont assez typ-
iques™ et different de ceux de la cobaltite par la
couleur blanche, 'anisotropie et la présence des macles
polysynthétiques; la détermination de Dalloclastite a
aussi été confirmée par un diagramme de poudre.

Fe

[s] DO
oo o

OW %v Y] X Y] V3 V3 W

Co ' Ni

© Les sulfoarséniures de Qita

Fig. 2 - Position des inclusions de sulfoarséniures
de cobalt et de nickel, dans le diagramme triangulaire

Co-Ni-Fe.

On peut constater dans le diagramme triangulaire
(Fig. 2), que les analyses ponctuelles de ces inclusions
de sulfoarséniures définissent un champ assez large, qui
est superposable a celui des cobaltites, alloclastites
et gersdorffites analysés par Polushkina et Sidorenko
(1963), par Borishanskaya et al. (1965) par Petruk
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et al. (1971) ou a celui des cobaltites et alloclastites
analysés par Maurel et Picot (1973).

La coexistence de la cobaltite avec lalloclastite
dénote ici des variations rapides dans les conditions de
formation qui ont permis la mise en place simultanée
des deux variétés dimorphes de CoAsS. L’alloclastite
se forme dans un milieu riche en arsenic; le milieu
s’enrichit ultérieurement en soufre, ce qui peut ex-
pliquer la transformation de ’alloclastite en cobaltite
(Maurel et Picot, 1973).

A Véchelle du minerai de Oita, la teneur en éléments
de transition est cependant faible; plusieurs analyses
complétes des échantillons du minerai montrent une
composition chimique comparable a celle des gisements
alpins (Peters, 1984; Perseil et Latouche, 1989) (Fig.
3). Dans le diagramme de Bonatti et al. (1972), le
mineral des concentrations de Qita se situe dans le do-
maine des concentrations hydrothermales a I'intérieur
des gisements alpins.

{Co-Cu-Ni).10

Fe Mn

Fig. 3 - La position des échantillons de minerai de
Oita dans le diagramme de Bonatti et al. 1, Pelliculles
ferro-manganésiféeres a la surface des basaltes; 2, Nodules
polymétalliques; 3, Toutes formations & partir de 'eau
de mer; 4, Formations lides 4 'hydrothermalisme. a,
échantillons de minerai de gisements alpins; b, échantillons

de minerai de Oita.

L’altération des grenats dans les concentrations
de Qita est moins spectaculaire que dans la plu-
part des gisements exploitables connus, ou le pro-
tore est représenté par des quartzites a spessartite:
les gisements de Mokta (Cote d'lvoire), de Tambao
(Burkina-Faso), ou ceux de Serra do Navio-Amapa
(Brésil). Dans ces grands gisements, le remplace-
ment des grenats par la cryptomélane-hollandite suit
I'hydrolyse et le lessivage. Généralement les grenats
sont d’abord vidés de leur contenu en manganése; le
calcium et le fer le suivent progressivement; une phase

amorphe silico- alumineuse subsiste seule - ¢'est cette
partie qui réagira de diverses maniéres pour la consti-
tution du minerai (Perseil et Grandin, 1985).

Les grenats des concentrations de Oita possédent des
dimensions variables. Ils sont assez riches en fer; leur
proportion en spessartite varie entre 70 %— 87% et celle
en almandin entre 2 %-20% (Tab. 1).

Assez discrete, hydrolyse de ces grenats est le
plus souvent difficile & mettre en évidence. La par-
tie centrale hydrolysée du grenat (Pl. I, Fig. 1),
a été rapidement remplacée par la rhodochrosite qui
s’oxyde progressivement en birnessite. L’avance con-
comitante de I'hydrolyse et du remplacement (du pro-
duit de ce processus) par la rhodochrosite est suivie
par 'oxydation en birnessite. La birnessite est issue
de l'oxydation d'une phase qui épigénise les produits
de Phydrolyse; les ilots restants de grenat hydrolysé
ainsi que des carbonates qui ont épigénisé ces pro-
duits en témoignent. Le remplacement des produits
de I'hydrolyse des grenats par 'apatite, est courante
dans le Trias de ['unité du Barrhorn (Alpes du Valais-
Suisse).

La plupart des grenats sont affectés par un réseau
important de cassures, qui laisse s’infiltrer progressive-
ment & Uintérieur du grenat des oxydes (Pl I, Iig. 2)
qui le remplacent ou I'épigénisent .

Le processus de remplacement ou d’épigénie des sili-
cates dans les concentrations de Oita congerne souvent
des grenats qui ne présentent aucun signe d’hydrolyse;
I'observation microscopique permet cependant de re-
marquer un réseau important de cassures a 'intérieur
de ces grenats, qui se trouvent souvent au voisi-
nage de fines veinules d’oxydes (Pl. I, Fig. 2).
L’analyse ponctuelle des oxydes qui remplacent les
grenats indique la présence d'une cryplomélane pure
(Tab. 2). Un enrichissement en potasse peut etre lié
au réseau de cassures. Des termes intermédiaires de la
série isostructurale eryptomélane-hollandite ([Ba, K], -
aMngO15 - Hy0), remplissent les fines veinules que
l'on retrouve & l'échelle de 'ensemble des concentra-
tions de Oita. Nous avons constaté la présence im-
portante de la stilpnomélane enrichie en potasse el en
barywm au voisinage de ces fines veinules qui traversent
la minéralisation.

Dans les lentilles minéralisées, les bandes de car-
bonates manganésiferes sont traversées par des filons
de rhodonite associée & la pyroxmangite; il s’agit de
deux inosilicates polymorphes pour le pole MnSiOj,
dont le dernier est stable a plus haute pression et plus
basse température. Le seul critéere de distinction des
deux polymorphes est 'angle 2V. Les caractéristiques
optiques de cette pyroxmangite sont trés proches de
celles de la pyroxmangite associée a la rhodonite
dans les schistes lustrés de la Haute-Maurienne (Alpes

" francaises) (Chopin, 1978), le 2V variant autour de 50°
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Tableau 1
Composition ponctuelle des grenats, dans les formations manganésiféres
de Oita
1 2 3 4 5 6 7
8i0, 36.37 34.72 36.03  36.69 3599 36.81 36.12
CaO 252 232 215 252 1.99 310 3.28
MnO 30.59 31.34 31.43 3344 3416  34.01 36.06
MgO 0.17 0.25 0.12 0.35 0.38 0.18 0.28
Cra03 0.19 0.12 0.07 0.11 0.02 0.24 0.08
FeO 8.26 8.26  7.65 6.38 540 385  1.15
Fe, O, 1.21 1.21 1.16 0.00 0.05 0.30 2.54
Al Oz 20,03  19.22 19.27 20.69  20.33 20.08 18.44
TOTAL 9934 97.44 97.98 100.18 98.32 9857 97.95
Si 5.499 5.87 6.62 5.97 5.98 6.05 6.03
Ca 044 042  0.38 644 035 054  0.58
Mn?t 4.27 4.48  4.45 4.61  4.81 4.73  5.10
Mg 0.04 006  0.02 0.08 0.09 004 0.08
Cr*t 0.02  0.01  0.00 0.01  0.00 003 0.03
Fe?+ 1.21 1.Y6 107 086 0.75 0.52  0.16
Fe 0.06 015 0.14 0.00 0.00 0.03 0.31
Al 389 3.8 379 397  3.98% 3.8  3.63
TOTAL 1592 15.97 15.87 1594 1596 15.83 15.90
Al 020 0.19  0.18 0.14 0.12  0.09 0.02
Py 0.01 0.01 0.00 0.01 0.02 0.01 0.01
Sp 071 073 0.75 0.77  0.80  0.8] 0.86
Gr 0.04  0.02  0.02 0.06 0.06 0.07 0.01
Ad' 0.02  0.04  0.04 0.00 0.00 001 0.8
Ov 0.01 0.00 0.00 0.00 0.00 0.00 0.00
Tableau 2 -
Composition ponctuelle des cryptomélanes
(Epigénie des grenats)
1 2 3 4 5 6

MnO, 88.99  91.12 89.32 88.12 89.83  90.76

Fea0s 0.54  1.20 1.15 1.35 0.85  0.88

1,0 541 552  5.59  6.00 627  6.36

NasO 0.10 022  0.08 007 008 0.10

BaO 0.00  0.00 0.25 011 0.18  0.00

CaO 0.37 020 017 032  0.16  0.22

MgO 0.33  0.11  0.81 027 017  0.11

8i0, 0.43 042 029 059 0.35  0.96

CoO 0.00 004 012 0.03 0.13  0.14

NiO 0.09 000 0.16 000 013  0.00

TOTAL 96.26 98.92 9892 9686 98.15 99.53

Mn** 7.62  7.61 746 753  7.60 7.53

Fe?t 0.05 011 010 012 007 007

K 0.85 0.85 0.86 094 098  0.97

Na 0.02 005 0.01 001 0.01 0.02

Ca 0.04 0.02 0.02 004 0.02 0.02

TOTAL 091 092 089 099 1.01 1.01
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avec une moyenne a 45", Dans les concentra-
tions de Oita, la pyroxmangite est précoce, corre-
spondant a la brusque mise sous pression au début du
métamorphisme régional.

L’oxydation des carbonates et des silicates
est le processus principal et responsable de la masse
de minerai exploitable dans les concentrations de
Oita. La plupart des oxydes secondaires sont is-
sus de l'oxydation des carbonates et des silicates.
L’analyse microscopique , en section polie, confirmée
par l'examen a l'aide des rayon X, des échantillons
provenant de la zone la plus oxydée des corps
minéralisés, met en évidence 'importance de la bir-
nessite [(Ca,Na, K)(M g, Mn)MngOy4 - 5H20] dans
le minerai; elle est ici le résultat de 'oxydation des
carbonates et des silicates (il s’agit la plupart du
temps de la pyroxmangite et de la rhodonite). La
faible réflectance, le pléochroisme intense et la maniere
forte de réagir entre les nicols croisés sont tres ca-
ractéristiques de cet oxyde. L’observation au micro-
scope électronique a balayage révele des agencements
de lamelles trés caractéristiques de la birnessite (Pl
I1, Fig. 1). La birnessite évolue rapidement en nsutile
(v — MnQ>) ; ces deux phases forment ensemble des
conerétions (Pl Il, Fig. 2). Nous avons constaté,
lorsque la birnessite est issue de l'oxydation d’une
rhodochrosite riche en fer et de surcroit associée & des
sulfures et sulfoarséniures en voie d’oxydation, que sa
composition ponctuelle conserve le trait géochumique
du carbonate (Tab. 3) et qu’elle évolue vers une nsu-
tite (v-MnQO») particulierement désordonneée; le dia-
gramme aux rayons X permet d’indexer le produit
comme hexagonal, alors que la maille habituelle de
la nsutite (9-MnO3) est orthorhombique. Les ca-
ractéristiques des clichés aux rayons X de cet oxyde
sont identiques a celle du ¢ — MnO-, (P1. 1I, Fig.3)
dont la maille est en effet hexagonale (De Wolfl et
al., 1978). Les différences entre agencement struc-
tural des deux phases (Fig. 4) ont bien été établies.
Dans l'enterprétation des clichés aux rayons X comme
dans celle des courbes thermopondérales, nous devons
tenir compte des associations intimes entre les oxy-
des de manganese et les hydroxydes de fer issues de
Paltération des carbonates et silicates, mais aussi de
I'altération des sulfures et des sulfoarséniures; pour
Pexamen aux rayons X, le degré de cristallinité de
chaque constituant affecte aussi la qualité du cliché.
C’est. sur les clichés des produits de synthése que se
manifestent le mieux les différences essentielles entre
la phase v-MnQO, et &-MnQ, (Pl I, Fig. 3). Les
analyses thermopondérales ont été effectnées avec une
thermobalance METTLER TA 4000, dans une atmo-
sphére d’oxygene, en utilisant un creuset de corindon
(a-Al203). Les échantillons étaieut de l'ordre de 20-50
mg. La vitesse d’échauffement étaient 5° /min. Chaque
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pact hexagonal. Projection // ¢, de maniére que les deux
positions a hauteur z=1/4 et z=3/4 coincident. ® Posi-
tion occupée par Mn pour z=1/4, vide pour z=3/4; O
Position occupée par Mn pour z=3/4, vide pour z=1/4. a)
Mn(OH)z, type C6; b) Ramsdellite; ¢) v-MnQO3; d) e-MnO,

produit final, apres 'analyse thermique, a été examiné
a 'aide des rayons X. Nous avons tenu compte du fait
que le crochet éndothermique le plus important pour
la phase e-MnQs a lieu vers 538%. alors que, pour la
phase -MnQ» (la nsutite), ce crochet se produit vers
569°. Le diagramme aux rayons X du produit final
indique la présence de la jacobsite MnFeaQy.

Le £-MnO, est utilisé dans l'industrie des piles
séches sous le nom de FARADISER M, avec le -
MnQOg, désigné sous le nom de FARADISER WS.
L’association de ces deux oxydes ainsi que leur con-
ditions de formation n’avaient encore jamais été sig-
nalées,

Conclusion

Les processus de remplacement et d’oxydation des
silicates et des carbonates n’apparaissent pas d'une
maniére tres nette dans les concentrations de Oita. On
notera cependant que, pour chacun de ces deux pro-
cesslls, nous avons pu mettre en évidence la présence
d’une phase différente de MnOg; c’est ainsi qu'une
cryptomélane pure caractérise le processus de frem-
placement des grenats, au voisinage de fines veinules
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Tableau 3
Composition ponctuelle des birnessites (1-6); (7-12). Birnessites

riches en fer évoluant en e-MnO,

1 2 3 4 5 6
MnO, 70.90 76.88 79.13 80.09 80.31 80.52
Fez 03 0.49 0.43 0.40 0.45 0.71 0.48
CaO 3.98 4.86 4.78 4.71 4.86 4.84
MgO 1.62 2.15 2.15 2.47 2.23 2.34
NaO 0.18 0.10 0.19 0.12 0.13 0.04
Si0, 10.81 3.62 2.23 0.19 1.53 1.85
CoO 0.03 0.01 0.09 0.07 0.09 0.00
H,O 10.90 10.51 10.52 10.32 10.32 10.65
TOTAL 98.91 9856 9949 98.42 100.18 100.72
Mn*t 538  6.05 6.22  6.42 6.27 6.26
Fet 0.04 0.03 003 0.03 0.06 0.04
Ca 0.46 0.59 0.58 0.58 0.58 0.58
Mg 0.26 0.36 0.36 0.42 0.37 0.39
Na 0.03 0.02 0.04 0.02 0.02 0.01
7 8 9 10 11 12

MnO» 69.84 69.T0 68.93 67.84 62.79 58.47
Fea,Oa T.31 7.70 9.25 1031 16.78 22.30
CaO 7.40 7.61 7.21 6.94 4.49 4.14
MgO 1.07 1.10 1.04 0.89 0.65 0.25
Na O 0.03 0.05 0.05 0.00 0.00 0.00
Si0, 0.21 0.34 0.28 0.27 1.04 0.83
CoQ 0.02 0.00 0.07 0.00 0.12 0.02
H.0 12,31 12.37 1241 12.27 12.20 12.05
TOTAL 98.19 98.87 99.24 98.52 98.07 98.06
Mn** 587 5.83 574 5.72 5.32 5.02
Fe®* 0.66 0.70 0.83  0.94 1.55 2.08
Ca 0.96 0.98 0.93 0.90 0.59 0.55
Mg 0.19 0.19 0.18 0.16 0.12 0.04
Na 0.01 0.01 0.01 0.00 0.00 000

constituées de termes intermédiaires de la série cryp-

tomélane-hollandite. La présence et I'importance des

termes de la série de la cryptomélane- hollandite dans o .

le gisement de Oita sont liées & la circulation des Bibliographie

solutions tardives enrichies, non seulement en man-
gangse, mais aussi en potasse et en baryum. La bir-
nessite est le produit de l'oxydation des carbonates
et des silicates (essentiellement la pyroxmangite et la
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Planche I
Fig. 1 — Grenat hydrolysé. La partie centrale hydrolysée du greanat a été remplacée par de fines concrétions
de rhodochrosite (R). On peutl constater dans la partie centrale des concrétions (fleche) le début de

I'oxydation. Lumiére naturelle transmise; le tiret = 10 um.

Fig. 2 — Remplacement du grenat par la cryptomélane i la faveur des cassures. Lumiére naturelle transmise;
le tiret = 10 pm.
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Planche II

Fig. 1 — Faciés caractéristique en lamelles d'une conerétion de birnessite de la zone d’oxydation du gisement
Oita (Microscope électronique a balayage).

Fig. 2 — Concrétions de birnessite (B) et de nsutite (N). Oxydation de la pyroxmangite (P) en birnessite
(B); évolution en nsutite(N). Lumiére naturelle réfléchie; le tiret=10pm.

Fig. 3 — Clichés aux rayons X (Chambre Guinier-De Wolff Type IV, FeK,,. 1, v~MnO; (la nsutite); 2,
e~MnQOs (le produit FARADISER M).
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Abstract: Pyrophanite is for the first time described in the ores of the Delinesti deposit,
where it occurs either as a fine-grained constituent of the spessartine-rich and carbonate-
rich ores or as centimetric-sized crystals in veins cutting the spessartine ore. The first type
of pyrophanite is closely associated with monazite, whereas the vein pyrophanite is related

to quartz, hematite, spessartine-calderite etc.

X-ray diffraction data, cell parameters

and IR spectra as well as the chemical analyses are presented pointing out differences as
against ilmenite and other pyrophanite occurrences.

Introduction

Pyrophanite MnTiO3 or Mn-ilmenite has been men-
tioned in few occurrences in the world, being first
described in the manganese ore in the Harstig mine,
Pajsberg, Sweden (Hamburg, Ilink, 1890, cf. Lee,
1955). Pyrophanite occurs in association with gar-
net, ganophyllite, manganophyllite and calcite. Derby
(1901, 1908, cf. Lee, 1955) described pyrophanite from
the Piquery mine (Minas Geraes, Brazil) where it is
associated with rhodochrosite, tephroite, spessartine,
pyrite, ilmenite and more rarely rhodonite. Smith
(1947) found this mineral associated with pennantite
and he determined it by X-ray analysis (cf. Lee, 1955).
Pyrophanite was also mentioned by Lee (1955) in some
mines in Japan (Ajiro, Kinko, Kusugi, Noda Tama-
gawa, Renge and Mine X). Zak (1971) described py-
rophanite from the rhodochrosite manganese accumu-
lation at Chvaletice (Bohemia), where it is related
to rhodonite, pyrrhotite, pyrite, neotocite, arsenopy-
rite; in all these associations pyrophanite is an acces-
sory mineral. In Romania, B&lan (1976) described, for
the first time in this country, pyrophanite at lacobeni
(Bistrita Mts), where it is found in association with
albite and rhodonite in recent veinlets which cut the
manganese ore. He determined the ore by X-ray anal-
ysis.

General outlook on the Delinesti ore deposit

The Delinesti Mn-Fe ore deposit constituted the ob-
ject of many mineralogical researches, the most im-
portant ones being those carried out by Savu (1959)
and Dimitrescu and Popa (1973). A minute petro-
graphical, mineralogical and genetical study has been
recently effectuated by Hartopanu, Hartopanu and
Cristea (1993) in which the authors quoted 20 new
minerals for the ore deposit among which pyrophan-
ite. The complex mineralogy of the ore deposit is the
result of its geological evolution: initially regionally
metamorphosed, then thermally, metasomatically and
hydrothermally altered. The Delinesti ore deposit is
situated in the northern part of the Semenic Mts, in the
Sebeg-Lotru Series, metamorphosed in the amphibolite
almandine facies, penetrated by acid intrusions, veins
of granites, locally pegmatoid ones, of pegmatites and
by hydrothermal quartz veins, These yielded a con-
tact thermal metamorphism for the primary ore, then
a metasomatosis with 3+ Fe, Na, K, B, F, followed by
a hydrothermal period. All these processes are mate-
rialized by specific minerals (Hartopanu, Hartopanu,
Cristea, 1993). The petrographic types established on
mineralogical and genetical criteria are also the result
of the geological evolution of the ore deposit: (1)spes-
sartinic (=gonditic) type, (2)carbonatic (=queluzitic)
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and hybrid (=koduritic) type. The hybrid type re-
sulted from the first two types which subsequently un-
derwent the above-mentioned alterations. Pyrophan-
ite is found in the hybrid ore, therefore it is a post-
metamorphic mineral. In quantitative respect it is gen-
erally an accessory mineral.

Distinguishing features and physico-chemical
properties

Pyrophanite in the Delinesti ore deposit occurs ei-
ther as small crystals (less than 1 mm), frequently in
a hybrid ore (both in a primary spessartine ore and in
the primary carbonate one), when it shows irregular,
rarely hexagonal outlines (probably mistaken for rutile
up to now) (Pl Figs. 3,4), or as large centimetric up
to 1 dm pegmatoid crystals, occurring as veins cutting
mostly an old spessartine ore (Pl., Fig. 1). Macro-
scopically, it resembles ilmenite; under the magnifying
glass it differs by the presence of fine, brown irisations
on the cleavage planes. It displays cleavages after two
directions: perfect after (0221) and good after (1012)
as well as triangular striations after (0001). As pow-
der, the ore is brown. In transmitted light pyrophanite
is of a yellow-reddish, red-brown or red-orange colour,
translucid or transparent and devoid of pleochroism.
It is uniaxial negative. Locally, it displays repeated
twinning after (1011) similar to the carbonate ones. In
reflected light pyrophanite is grey, slightly pleochroic
between bright grey and dark grey hues, especially in
immersion. Also in immersion, in crossed polarizing
prism it displays a strong anisotropy in grey colours
and frequent red internal reflexes.

Pyrophanite associations. The small-sized, sub-
millimetric pyrophanite from the hybrid ore-initially
gonditic is associated with spessartine-calderite,
acmite, monazite; spessartine-calderite, monazite,
quartz. It is of note in this type of ore the great affinity
of pyrophanite for monazite: large monazite crystals
contain pyrophanite grains (Pl., ['ig.5), they being con-
temporaneous. In the hybrid-carbonate ore the same
pyrophanite type is associated with rhodonite, pyrox-
mangite, rhodochrosite, spessartine-calderite, vellow
alkaline amphiboles. As regards the pegmatoid pyro-
phanite, it shows two associations: pegmatoid quartz,
pyrophanite and microcline, albite, acmite, phlogo-
pite, spessartine-calderite, hematite (P1., Fig.6). Pyro-
phanite is more recent than pyroxmangite, rhodonite,
rhodochrosite and it is contemporaneous with acmite,
spessartine-calderite, yellow alkaline amphiboles, phlo-
gopite, hematite, monazite, albite, microcline.

X-ray diffraction powder data

X-ray diffraction powder data (Tab. 1) are in good
agreement with other published data (Tab. 2). Lat-
tice constants for Japanese and lacobeni pyrophanite
were calculated on the basis of X-ray data given by
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Lee (1955) and Balan (1976).

Table 1 &
X-ray diffraction powder data of pyrophanite from
Delinesti
DRON-3 diffractometer. CuK4 radiation
No D-obs. D-calee h k 1 I
1 3.768 3.772 0 1 2 25
2 2.780 2.781 1 0 4 100
3 2.564 2.566 1 1 o] 45
4 2.257 2.258 1 1 3 25
B 1.886 1.886 0 F 4 37
68 1.744 1.744 3 | 1 6 55
T 1.654 1.654 0 1 8 15
8 1.520 1.520 2 1 4 30
LATTICE PARAMETERS:
a b [S VOL
51327 A 51327 A  14.2601 A 325.3470 A3

ROMBOHEDRAL: a=5.60142 a=54.5372

Table 2

Lattice constants of some pyrophanites

a c v Chemical Data
DELINESTI 5.133 14.260 325381 MnO 40%
TiO, 52%
Fes O3 6%
FeQ -
CHVALETICE! 5.131 14.274 325.447 MnO 32%
TiO; 51.8%
FeqOg -
FeO 14.22%
JAPANESE? 5.120 14.260 324.416 -
IACOBENI® 5.130 14.210 323.862 =

! Zak (1971)
2 Lee (1055)
3 Bilan (1676)

IR absorption spectra

A pyrophanite sample from Delinesti has been anal-
ysed in a spectral interval 4000-200 em™! in view of
pointing out differences from ilmenite, which displays
a similar structure. The spectrum obtained in the
interval 4000-200 em~' has been compared with a
spectrum of relatively pure ilmenite (collection of Dr.
G.Udubaga) (Fig.1) and with ilmenite diagrams from
the literature (Liese, 1967) (Fig.2). The values of the
absorption bands for ilmenite and pyrophanite differs
as compared with the tolerance admitted by the device,
situated between 448, 548 and 690 cm™! (for ilmenite)
and 448, 544, 685 cm™! (for pyrophanite). However,
there is a difference related to the intensities of the
absorption maxima which are higher for pyrophanite
as against ilmenite (Fig.1). This is not, however, con-
clusive because there are ilmenites (Liese, 1967) which
show an increase of the bands concomitantly with the
increase of the Fe quantity and the decrease of the Ti
quantity. '
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Fig.1- IR spectra of Kragert ilmenite (K) and of Delinesti
pyrophanite (D).

Table 3 presents the chemical analyses of the il-

menite samples from Krageré (Norway) -(K), Water-
ford (Rhode Island) - (W) and the chemical analysis
of the Delinesti pyrophanite - (D).

In conclusion, the infrared analysis does not allow

the obtaining of exact specifications for pyrophanite

T% —

T

Fig.2- IR spectra for ilmenite of: A - Arendal, Norway; B
- Kragers, Norway; C - Chester, Vermont; D - Waterford -
Rhode Island (Liese, 1967).

Table 3
Comparative chemical composition of ilmenite and
pyrophanite

ilmenite (K)'  ilmenite (W)*  pyrophanite (D)°

Si05 0.20 0.20 0.46
Al;03 0.20 0.10 019
Fea O3 o = 5.14
FeO 49.90 71.00 0.93
MgO 0.02 001 027
CaO 0.02 0.01 0.20
Na; O 0.m 0.02 0.03
K20 0.15 0.15 0.05
H,0* 0.03 0.03 -
H.0~ 0.10 0.10 -
TiOs 47.10 26.50 48.30
CO; 0.00 0.00 -
MnO 0.03 0.03 43.08
Total a97.8 98.2 98.70

1(K) = Kragers Norway (Liese, 1967);
2(W) = Waterford Rhode Island (Liese, 1967);
3(D) = Pyrophanite of Delinesti

identification, the X-ray diffraction powder data and
chemical data being fundamental for its recognition.

Chemical composition of pyrophanite

The Delinesti pyrophanite has been analysed chem-
ically in quantitative respect based on the classic and
microprobemethods. The results of the classic method
amalysis are rendered in Table 4. It is to note the ab-
sence of FeO and the presence almost only of Fe,Q5.
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The latter may form an isomorphic solution with
MnTiO3 (Ishikawa and Akimoto, 1958; cf. Zak, 1971).

Table 4
Comparative chemical composition of pyrophanites (Chv)
and (D)
Oxides Pyrophanite (Chv)*  Pyrophanite (D)
MnO 43.30 39.40
FeO¢otar 3.80 2.00
TiO; 52.90 57.40
Al O3 0.00 0.04
Si0; 0.10 0.30

*Zak (1971)

Table 4 shows the chemical composition of the De-
linegti (D) and of the Chvaletice pyrophanite (Chv).
The higher MnO content for the pyrophanite (D) is
to be noticed. In order to establish more precisely
the formation medium of the Delinegti pyrophanite a
spessartine-calderite sample, a mineral with which py-
rophanite is related, has been analysed (sample D 3 s).
It shows the following contents: Al.Oz = 10.53, SiO-
= 53.90; CaO = 5.86, TiO2 = 0.63; MnO = 22.35,
Fe;03 = 6.58, FeO = 0.00. The formation medium
of this spessartine i1s oxidating and it occurs also in
the pyrophanite formation (which is more recent than
spessartine-calderite) because of the Fe presence in its
constitution only as FesQOz. The crystallochemical for-
mula of the Delinesti pyrophanites has been calculated
on the basis of 1 Mn and of 3 O (for more significant
cations and for all the present cations). Si't presence
is due probably to the fine microscopic quartz inclu-
sions in pyrophanite. The calculation of the formula in
base 1 Mn is, as follows: (Mn; o, MgQOq .01, FeOg21)
FegfﬁﬂsTiolg%Og, in base 3 oxigen (with more signifi-
cant cations): (Mng.g43Mgo 01 Felt,)Fed tTiit,403.

Origin of pyrophanite. Pyrophanite has been found
in the world in two mineralogical assemblages: (1) in
pegmatites, related to eruptive alkaline rocks (Port-
nov, 1963 cf. Zak, 1971; Newman and Bergatol, 1964,
cf. Zak, 1971; Chukhrov and Bonshted-Kupletskaya,
1967) and in the manganese ores (Hamburg, 1980;
Campbell, Smith and Claringbull, 1947, cf. Lee, 1955;
Zak, 1971; Balan, 1976). In the manganese ores
the origin of pyrophanite was connected with the hy-
drothermal activity which had been followed by a ther-
mal contact metamorphism, a process which yielded
some manganese silicates with which it is associated.

P. HARTOPANU et al.

Table 5
Cation calculation from the chemical composition of
pyrophanite
Sample D3
510, 0.460
TiO, 48.300
Al O3 0.190
FeaOa 5.140
FeO 0.930 .
MnO 43.080
MgO 0.270
CaO 0.200
K,0O 0.050
Na; O 0.030
P,0s 0.050
Total 98.700
Titt 0.995
Fe®t 0.106
Fe?t 0.021
Mn?t 1.000  -calculated in base 1 Mn
Mg?t 0.011
cations 2,134
charge 6.364
Titt 0.938
Fe?t 0.100
Fe** 0.020
Mn?* 0.943 -base 3 oxigen (6 negative charges)
Mg?* 0.010  selected cations
cations 2.012
charge 6.000

The two pyrophanite types (pegmatoid and fine gran-
ular) at Delinesti seem to have different origins.
Thus, the first type is associated with the hydrother-
mal veins, and the small-sized, submillimetric pyro-
phanite grains from the hybrid-carbonatic or hybrid-
spessartinic ore are probably the result of the titan-
ite alteration. The titanite network was probably dis-
troyed by a thermal contact metamorphism, with the
release of calcium and silica, and the manganese rich
medium determined the occurrence of pyrophanite not
of ilmenite and rutile, the common products of this
alteration. The Ti source from pyrophanite may be,
therefore, titanite, the more so as its constitution in-
cludes sometimes more Ti than Si, replacing it in the
Si03 group. Considering that nitially titanite was rich
in Y and Ce (varieties up to 12 % (Y, Ce)20a; are also
known (Winchell and Winchell, 1961) the monazite oc-
currence and especially its frequent association with
pyrophanite can be explained.
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Plate

Fig.1- Pyrophanite veinlets in spessartine-calderite. Sample Dy gallery waste 1, N II, x 40.

Fig.2— Acmitic pyroxene (large, with cleavage), pyrophanite (black}, spessartine-calderite (small} and q‘ad.:'i.:_
(white) assemblage. Sample D 77, gallery waste 1, N II, x 40.

Fig.3— Pyrophanite (black grains) with acmite (large grey grains), spessartine-calderite (small, grey; and
quartz (white) assemblage. Sample D 77 a, gallery waste 1, N II, x 40.

Fig.4— Pyrophanite (black) with spessartine-calderite (small, grey grains with a high relief) assemblage. Sam
ple 7113, Talva Bobului, N II, x 60.

Fig.5— Large grain of pyrophanite (centre) and other three small satellite grains included in monazite {waize,
vaguely grey). Monazite is included in spessartine (black). Sample 7(1), gallery waste 1, N4, x 60.

Fig.6— Pyrophanite (black) included in monazite (white, vaguely grey) all included in albite {twins). Sample
P12, gallery waste 1, N+, x 60.
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WHITE MINERALS MARKET AND THE EUROPEAN PAPER INDUSTRY

José Anténio L. VELHO, Celso S.F. GOMES

Departamento de Geociéncias, Universidade de Aveiro, 3800 Aveiro, Portugal.

Key words: Clay minerals. Kaolin. Calcium carbonate. Talc. Paper Industry .

Abstract: Conversion from acid to neutral-alkaline method in many Evropean paper
industries resulted in the substitution of kaolin by calcium carbonate with significas

price reduction and increase of paper quality. The kaolin producers were thus challenged
to obtain new commercial grades of kaolin for very special applications such as delami-
nated kaolin, mate kaolin, high gloss kaolin, blended kaolin, calcined kaolin, chemically
structured kaolin. Consequently kaolin further keeps its dominant role in the minerai

raw madterial industries.

1. Introduction

During the 80’s decade many BEuropean paper in-
dustries processing chemical pulp have converted from
the acid to the neutral-alkaline method in order to
utilize natural calcium carbonate as filler, much more
cheaper than kaolin. For instance, in western Europe,

mote than 80% of paper industries have adopted the -

neutral-alkaline method. Besides price, other factors
justify the substitution of kaolin by calcium carbon-
ate, such as: the higher brightness of the commercial
grades of calcium carbonate, the higher incorporation
allowed by calcium carbonate and the higher world-
wide availability of calcium carbonate. Allied to the
iactors that have been mentioned, other mineral raw
materials, natural or synthetic, were introduced in the
white minerals market as kaolin substitutes and spe-
cially directed to solve some particular problems of pa-
per quality.

As a matter of fact, in the last years, kaolin being
the traditional white mineral in the paper industry has
undergone some erosion in terms of consumption. This
results in a challenge for kaolin producers who are try-
ing to keep its dominant role, through the production
of new commercial grades for very special applications.

2. White minerals consumption in the
European paper market

White minerals consumption in the European paper
industry has shown a continuous increase. Figure 1
shows up that consumption evolution in Eurcpe during
the period 1970-1989 as well as consumption forecast
up to 1994,

.
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Fig. 1 — White minerals consumption in the European
paper industry during the period 1970-1994 (Clark, 1990)
More than 90% of the white minerals used in paper
production are incorporated in printing and writing
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papers. They confer to them properties, such as:
brightness, opacity, gloss and printing quality.

Table 1 contains, relatively to 1989 and to Europe,
both quantities and incorporation percentages of white
minerals, applied in the principal types of papers.

On the other hand, Figure 2 shows the individual
consumptions, relative to 1990, of white minerals used
as fillers and pigments in Europe.

J.AL VELHO, CS.F. GOMES

the best compromise between price/transport/quality;

2. Continuous demand of new mineral raw mate-
rials alternative to kaolin in order to favour national
productions;

3. Great complexity of the mineral raw materials
market.

Table 2 contains a list of mineral raw materials alter-
native to kaolin, some natural other synthetic, which

Table 1
Paper production and incorporation percentages of white minerals in Europe (1989)

e Paper and Board Production Minerals applied
Millions of Tons (Mt) Mt %o
Newsprint 8 0,3 0-10
Printing and writing 21 6,0 5-45
Board 4 0,3 3-10
Others 26| - —
Total 59 66 0 -

[ Numbers in millions of tones)

KAOLIN i)

CALCIUM
CARBONATE

OTHERS

Fig. 2 - Individual consumptions in Europe, relative

to 1990, of white minerals applied as fillers and pigments

(Seddon, 1991).

In addition to kaolin and calcium carbonate, Eu-
ropean paper industries have available a continuously
greater number of mineral raw materials alternative to
kaolin.

Velho and Gomes (1989) characterize the mineral
raw materials market in terins of;

1. Great competition at all levels between producers
of the same mineral raw material and between produc-
ers of different mineral raw materials in order to offer

appear in the market basically with a two-fold justi-
fication: first, as mineral resources beneficiation or as
subproducts (i.e. gypsum, mica, dolomite, zeolites);
second, as synthetic products directed to the resolu-
tion of certain paper problems, as is the case of opac-
ity, where for instance titanium dioxide, BAS (Boliden
amorphous silicate), HSPP (hollow spheres polymeric
pigment) and synthetic zeolite can preferably substi-
tute kaolin.
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Table 2

Mineral raw materials alternative to kaolin

Paper mineral raw
materials

Bibliography

Calcium carbonate

Beazley and Bailey (1985), Cahen et Daneault
(1990), Coope and Dickison (1984), Fender (1985),
Mather (1986)

Titanium dioxide

Coope (1984), Gosset (1990), Loughbrough (1992)

Talc

Ahonen (1985), Huuskonen and Ahonen (1984),
Schober (1991)

Natural gypsum

Jané (1981), Jané (1984)

Synthetic gypsum

Klasson and Munter (1990), Svensson (1989)

Mica
(1983)

Gavelin and Treiber (1982), Gavelin and Treiber

HSPP (hollow sphere
polymeric pigment)

(1987)

Brown and Latshaw (1990), Brown and Lunde

BAS (Boliden amorphous
silicate)

Holm. (1983)

TD (talc + dolomite)
pigment

Novak et al. (1991)

Natural zeolites

McVey and Harben (1989)

Synthetic zeolites

Abril et al. (1993)

Diatomite Harben (1984)
Aluminium hydrate Canadell (1984), Beazley and Bailey (1985)
Dolomite Alvarez et al. (1990)

2.1. Calcium carbonate

There are two types of calcium carbonate: natural
(CCN) and precipitated (CCP). The first type com-
prises: chalk, marble as well as lithographic and sub-
lithographic limestone. It is applied as filler to improve
paper brightness and ink receptivity.

The most interesting features of CCN are as follows:
1) production and availability of a wide range of grain
size (35%— 99% < 2 um) with brightness up to 96; 2)
supplies almost illimitable; 3) low price and worldwide
distribution; 4) supplies in suspension form contain-
ing up to 756% solids; 5) energy savings during paper
drying due to its higher retention on paper.

In spite of CCN high brightness, its refractive index
is low (1.56). Therefore its opacifying is low, a fact
not convenient in paper coating applications. Things
can improve using proper flocculants to provide a more
massive coating and to allow better compressibility.
Nevertheless, the printing quality is still not so good
as that obtained with kaolin.

In regard to the comparative advantages and disad-
vantages of CCN and CCP, the following specificities
can be considered: 1) CCP confers better opacity to
paper sheets due to its higher light dispersion coeffi-
cient; 2) CCP provides less retention and less drainage
due to its better particle size classification; 3) CCP
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affects more paper sheet resistance due to its higher in-
terference with the inter-fibers bonds; 4) CCP is much
less abrasive; 5) CCP is whiter.

CCN represents 30% whereas CCP represents 2% of
the European consumption of white minerals for paper
applications. Altogether EC and Scandinavia produce
about 150,000 tons of CCP, applied mainly in cigarette
paper, low weight paper and telefax paper.

2.2. Tale

Whenever applied as filler, talc should have grain
size < 20 pm. The specific properties of talc are as
follows: 1) great softness or low abrasivity allowing
longer operating durability of the machinery; 2) parti-
cle lamellar habit facilitates retention on paper sheets
and favours calendering; 3) low particle size classifi-
cation favours retention and porosity improving paper
optical properties.

For paper coating applications tale, according to
Finnish specialists, has the following advantages as
compared to kaolin: 1) lower gloss; 2) higher opac-
ity; 3) smoother surface; 4) lower abrasivity; 5) bet-
ter press operationality; ) particle shape ratio more
favourable for calendering.

Despite the advantages reported, talc has the impor-
tant disavantages of being hydrofobic, oleophylic and
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aerophylic. Also, other inconveniencies can be pointed
out: 1) higher price; 2) higher difficulty of suspension
preparation; 3) greater need of chemicals for paper re-
cycling; 4) rheological problems due to its dilatant be-
haviour at high shear rates.

As filler supercalendered (SC) paper with mechan-
ical pulp for rotogravure printing tale is highly con-
sumed in Finland. Nevertheless, talc is losing impor-
tance relative to calcium carbonate. '

As coating, also in Finland, talc is very much used
in low weight coating (LWC) paper for rotogravure
printing. Future use of tale in this application looks
very promising.

Talc great consumption is particularly limited to talc
main producing countries (Finland, France and Swe-
den). Its potentialities in paper applications are very
much dependant on costs due both to micronization
and suspension preparation technologies.

Figure 3 shows the talc consumption evolution (as
filler, coating and pitch control) relative to 1980, 1986
and 1990.

B 1980
350
% 300 1 3 1986/
= a5g ] _
i & 1990
S 200 - —
% 1=
< 90 =
2 100 _
Q A
£ 50 { :
B :
0 A
COATING  FILLER PITCH
CONTROL

ig. 3 — Talc consumption in Western Europe in 1980,

1986 and 1990.

3. Consequences of the acid to neutral-alkaline
conversion

Conversion of the acid to neutral-alkaline proces-
sing method in most European paper industries has al-
lowed, with the incorporation of calcium carbonate as
filler, the production of high quality printing and writ-
ing papers. Exports of these papers to the Northamer-
ican market did occur favoured by their lower prices.
Also, the allowance of higher levels of calcium car-
bonate incorporation (up to 30%) could be reflected
in pulp savings and consequently in reducing paper
prices. Table 3 contains, in. comparative and short

J.A.L. VELHO, C.S8.F. GOMES

forms, the advantages and disadvantages in terms of
paper properties of the acid and neutral- alkaline meth-
ods (Wuerl, 1986). Added to the comparative advan-
tages of calcium carbonate there are in Europe numer-
ous and large calcium carbonate deposits which facil-
itate supplies to paper industries. On the contrary,
kaolin deposits in Europe are in smaller number and
have much more limited sizes. All the facts reported
have produced a global declining in kaolin consump-
tion.

 Table 3
Advantages and disadvantages of the acid and
neutral-alkaline methods

s ] .

Properties Alkaline Acid
Physical properties Strong Weak
Energy consumption Less More
Corrosion Less More
Filler options Free Restricted
Recyclability More Less
Permanence More Less
Microbiological activity More Less
Effluent treatment Less More
Water needed for preparation Less More

Nevertheless, a growing interest did emerge in what
concerns the production of high quality kaolins. From
about 16,9 Mt in 1982, world kaolin production at-
tained about 24 Mt in 1989. This corresponds to an
average increase of 5% year. In 1993 due to the ex-
ploitation of new kaolin deposits it is expected that
world kaolin production can attain 27 Mt (Fig. 4).

World kaolin consumption for paper applications
was estimated in 1989 at about 10.5 Mt, that is a 45%
increase relatively to 1982 consumption. The foreseen
production growth of coating grades for use in special
papers will promote a kaolin consumption growth rate
estimated at 6%/year, up to 1994. Therefore, kaolin
consumption for paper applications could attain 12,7
Mt in 1993 and more than 15 Mt in 2000, that is a
mean growth rate of 4% /year.

Consumption forecast for mineral raw materials in
Europe, in the period 1974-1989, is shown in Figure 5.
It contains also the consumption forecast up to 1994.

4. Kaolin trends in paper applications

Despite of the competition due to calcium carbon-
ate, particularly in some regions of the world, namely
in Europe, kaolin will continue to be, in worldwide
terms, the dominating mineral raw material for paper
applications. This is due not only to kaolin specific
physico-chemical characteristics but also to its var-
ied commercial grades alréady available. New kaolin
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L

grades, everytime more sophisticated, being the result
of new processing technologies, are appearing in the
market. The new developments in kaolin treatment
have not parallel relative to other mineral raw materi-
als.

perform functions with a ”specialist” character, be-
cause it is applied in very specialized types of paper.
In countries characterized by paper monoproduc-
tion, as is the case of Portugal where paper made with
chemical pulp and without coating is the main produc-

Whereas calcium carbonate and tale perform tion, kaolin consume will be in a weak position and in
functions with a ”generalist” character, kaolin conditions of being overcomed by calcium carbonate.
30
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Fig. 4 - World kaolin production and kaolin consumption in paper (Seddon, 1991).
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Fig. 5 - Mineral raw materials consumption in Europe, in the period 1974-1989, and consumption forecast up to 1994
(Clark, 1990).
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5. Technological development of kaolin grades
for paper coating

In what concerns kaolins for fillers and coatings an
extraordinary evolution has taken place directed to
the development of new commercial grades. From 3-
4 kaolin grades that were available, differentiated in
terms of brightness and grain size distribution, several
very sophisticated grades have been produced in recent
years using treatments each time more complex. Table
4 contains five of these treatments.

Table 4.

Kaolin beneficiation treatments

Air flotation
Wet scparation
Delamination
Calcination
Chemical treatment

The continucus changes taking place in kaolin pro-
cessing require great investments and are the result of
three main factors: 1) accomplishment of paper indus-
tries requirements; 2) added value of treated kaolins;
3) need of imports reduction considering the interest
of national kaolin resources valuation.

Kaolin production is very competitive in technolog-
ical terms. New producing processes and new equip-
ments for kaolin treatment are being developed. Also,
great competition is taking place in regard to kaolin
prices, mainly in the sector of printing and writing pa-
pers.

J.A.L. VELHO, C.S.F. GOMES

Kaolin properties for applications as filler are not
very requiring. Grain size, abrasivity, rheology and
other requisites are shown in Table 5.

Table 5
INaolin requisites for filler

Properties Requisites
Si02 45-55%
AO3 37-40%
FepO3 <l%
Loss of ignition >09%
pH 4,5-7
Brightness (%) >75
>5 pm <30%
<5 pm >70%
< 2 pm >40%

For applications as coating kaolin requisites are
much more demanding, namely in what concerns grain
size distribution, brightness and rheclogy (Table 6).

In regard to technological developments of kaolin
treatment six main trends can be defined (Table 7).

5.1. Delaminated kaolin

Delamination is achieved by the basal cleavage of
thick kaolinite crystals (kaolinite books) yielding thin-
ner crystals. New basal surfaces and individual par-
ticles are developed and changes in kaolin colour and
rheology will take place.

Table 6
Kaolin requisites for coating e
i Properties Conditioning -
Brightness Higher as possible(> 83%); high brightness can reduce opacity.
Opacity Improves whenever crystallinity increases; better for grain size
around 0,3um; improves for high shear rate viscosity.
Abrasivity Lower as possible;smoothness is quartz and halloysite dependant.
pH 5.5 =6,
Grain size Residue on 200 mesh sieve: 0.005%; >S5um:<8%; <5um:
distribution >90%; <2um : > 70%; particle classification around 2um; very
fine particles ( < 0.25 pum ) are not convenient.
Retention Stable suspensions with high solids contents.
Chemical Si02: 45-55% ; Alp03: 37-40%; FepO3: <0.3%; L.L.: >12%.
composition
Rheology Good rheological characteristics for high shear rates in suspensions
with 70% solids. Depends on particle size and particle texture.
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Table 7
Main trends in kaolin treatment and grades

Delaminated kaolin
Mate kaolin
High gloss kaolin
Calcined kaolin
Kaolin blending
Chemically structured kaolin

For papers with low weight coating (less than 7-10
g/m?), the common pigments used impart poor print-
ing capacity related to either the high fluidity of their
suspensions or the low packing of their particles. As a
consequence, paper surface exhibits numerous and im-
portant irregularities which turn difficult the contact
between ink and printing paper (Fig. 6).

gravure
cell

paper

e e e —e

R VT T

backing roll

Fig. 6 - Influence of paper surface irregularity upon
printing quality (Brociner, 1985).

Pigments characterized by good particle packing
provide coatings too compact and yield deficient coat-
ings less compressible during printing than those hav-
ing not so good particle packing which yield suspen-
sions with higher viscosity.

In order to get a flexible coating, pigments should
have the following characteristics: lamellar particles,
capacity of forming suspensions with low solids concen-
tration and high specific volume. If such is so, suspen-
sions can be retained at paper surface avoiding rupture
through macropores.

5.2. Mate kaolin

Paper mate yields a very low gloss, less than 20%.
Its production has increased very much in recent years.
Kaolin mate consists of big size particles. No more
than 50% are less than 2 pm.

5.3. High gloss kaolin

In the production of high gloss paper ultrafine
kaolins, with more than 90% of particles less than 2
um, have to be used. However, being particles so thin

P "\L
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having shape ratio (diameter:thickness) 5:1 they cause
some problems, namely water retention and dilatancy.
High gloss kaolin production costs are quite high since
it implies a very complex kaolin refining.

5.4. Blended kaolin

Many kaolin producers are developing special grades
through kaolin blending in order to accomplish specific
demands of paper mills. In some cases blending takes
place in paper mills. Common kaolins, less expensive,
can be mixed with others of higher grade giving place
to kaolins with good coating properties.

Frequently some particular kaolin commercial grade
is the result of kaolin blending. It is the case, for
instance, of CADAM (Brazil) whose kaolin better
known, AMAZON 88, corresponds to the blending of
three kaolins from the total of eight kaolins occurring
in the same deposit.

Blending is a very complex process, requiring previ-

~ous studies in order to know what should be blended

and the blending formulations.

5.5. Calcined kaolin

Calcined kaolin is produced through calcination up
to about 1050°C in special kilns of fine grained kaolins.
Kaolin becomes fully dehydrated and strong inter-
particles bonds due to sintering will develop. Particle
aggregates formed will favour light dispersion improv-
ing opacity.

In general terms, calcination can take place accord-
ing to two different technologies. In one case, temper-
ature increase is slow and gradual. It is the so called
"soak calcination”. In the other case, calcination is
fast, named "flash calcination”. Kaolin with 90% of
particles less than 5 pm is heated up very rapidly up
to 1050°C. Afterwards is cooled rapidly, in a matter of
milliseconds, down to room temperature. In any case
the kaolin produced presents different properties.

Naturally, particle aggregates of calcined kaolin
show porous structures and despite their vitreous char-
acter kaolinite particles mantain the typical lamellar
and pseudohexagonal shape. In such conditions kaolin
is still able to impart gloss, softness and coating. Fig-
ure 7 shows a sketch representing the structure of a
kaolin particle aggregate. Light is diffused at the in-
terfaces air - particle improving opacity and brightness.

Due to the pores developed calcined kaolin has lower
bulk density. This fact improves its volumetric char-
acteristics. Figure 8 shows that a calcined kaolin has
a volume about 45% higher than a not calcined kaolin
used for coating.

Table 8 contains the calcined kaolin main properties
and requisites.

The great advantage of applying calcined kaolin in
low weight (LW) paper is that simultaneously it im-
proves paper optical properties and facilitates ink pen-

Institutul Geologic al Romaniei



32

etration (see Fig. 9).
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Fig. 7 - Schematic representation of a kaolin particle
aggregate (Johns, 1986).
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Fig. 8 — Comparison of sediment volume of a calcined and
a not calcined kaolin grades (Johns, 1986}.

Table 8
Main properties and requisites of a calcined kaolin

Propertics Requisites
Humidity content (%) 0.5
Ignition loss (%) 0
Brightness (%) 90-92,5
Valley abrasivity ( mg ) 20-40
Specific surface area ( mz!g) 16
Refractive index ' 1,62
Density 2,70
Light scattering coefl ﬁc‘(cmzf g) 220
Qil absorption ( g/ 100g) 90
<2um (%) 86-90
+325 mesh residue( %) 0,015

Due to its higher coating capacity properties such
as: gloss, opacity, ink receptivity and adhesive migra-
tion can be greatly improved. As a consequence of
that, printing quality can improve for equivalent coat-
ing weight or less coating weight is needed to yield the

/Y

same printing quality.

Coafing
IBRE
Clay coating
Coating
[P 7777 7 75 ///
FIBRE

Clay coating with 10% calcined
" Kaolin at same total coat weight

Fig. 9 - Function of calcined kaolin in paper coating
(Clark, 1984).

5.6. Chemically structured kaclin

Chemically structured kaolin is a very recent prod-
uct and is the result of chemical treatment. In com-
parison with calcined kaolin it is characterized by
higher bulk density and more porous structure. For
preparation of the chemically structured kaolin par-
ticle aggregation results from reaction with adequate
flocculant chemicals, generally in hydrothermal condi-
tions. Aggregation state variations are dependant on
kaolin nature, reaction conditions and chemicals na-
ture (silicate-metal and silicate-metal/ kaolin ratio).

2.0- "
Calcined

8 1.5

&

2 104 B Fiver

;‘3 Delaminated @@  Chemically

x 05 Common R structured
b bR .
' 109 200

Light scattering coefficient (m%/kg)

Fig. 10 — Relationship between light scattering coeficient
and price for different kaolin commercial grades (Muller
and Brink, 1992).

Filler and pigment producers do consider two ba-
sic materials properties: high brightness and high <
2pum particle percentage. Real technological develop-
ment still pays attention to both properties, however
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the actual trend is to conciliate them with a higher
efficiency in terms of light dispersion, that is, higher
opacity. Obviously, another frend tries to conciliate
these characteristics with prices reduction. That is
why chemically structured kaolin is taking advantage
comparatively to calcined kaolin (Fig. 10).

One problem of chemically structured kaolins is their
low brightness, comparable to the brightness of com-
mon kaolins. Nevertheless, for coating, they are very
efficient. Due to their lower densities, to the same pig-
ment weight corresponds higher volume. Therefore,
when dry, final coating layer will be thicker. In conse-
quence of that better fibers coverage, better smooth-
ness and a more open and porous structure can be
achieved facilitating ink penetration and improving
printability.

Other inconvenience attributed to chemically struc-
tured kaolin is its rheology. A solids concentration of
63% should not be overcomed. However, as compared
to caleined kaolin, chemically structured kaolin has a
solids concentration limit of 50% due to its high dila-
tamcy , making suspensions pumping very difficult.

6. Conclusions

Paper market requires mineral raw materials with
the highest quality. This explains the new technologies
both on paper processing and minerals beneficiation.
New types of paper are entering in the markel as a re-
sult of research on new kaolin grades and new nuneral
raw materials,

Despite calcium carbonate competition, particularly
in some world regions, kaolin will continue as the dom-
inating mineral raw material, in worldwide terms.
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CLAY MINERALS IN MESOZOIC AND PALEOGENE SEDIMENTARY

ROCKS OF HUNGARY

Istvan VICZIAN
Hungarian Geological Survey. Stefinia dt 14, H-1143 Budapest

Key words: Hungary Mecsek Mts, Transdanubian Central Mts. Tertiar-.y Basins. Sed-
imentary Clay Minerals, Illite. Kaolinite. Smectite (Contents). HNlite-Chlorite.

Abstract: The clay mineral associations determined by X-ray methods in Hungarian
sedimentary rocks are reviewed. The following types of associations are discussed: 1.
Evaporitic facies of the Triassic. Special Mg-rich clay minerals such as corrensite are
products of neoformation in a restricted basin environment (Mecsek Mts). 2. Upper
Triassic to Lower Cretacecus carbonate rocks. The variation of the kaolinite content is in
relation to the paleogeographic situation in the Tethys Basin during the deposition. The
main clay mineral is illite (Transdanubian Central Mts, Mecsek Mts). 3. Enrichment of
kaolinite in Upper Cretaceous and Paleogene continental sediments (”siderolitic” facies,
fire clays in the Transdanubian Central Mts). 4. Tuffaceous and volcanoclastic deposits.
Typical minerals are varieties of smectite due to the devitrification of acid to intermediate
pyroclastics. 5. Sediments of the Tertiary basins. The detrital clay mineral assemblage
is due to high rate of denndation, redeposition and sediment accumulation. In thick sed-
imentiary sequences smectites transform into illite/smectites. In each territory sequences

without and with diagenetic transformation are separately discussed.

1. Introduction

Clay mineralogy of Hungarian sedimentary rocks
was previously reviewed by Viezian (1976). Valu-
able data on clay minerals of Hungarian sedimentary
formations are found in the books of Nemecz (1981)
and Bardossy (1982). A review on the Neogene clays
will be published (Tandcs, Viczian, 1994). A short
summary was presented at the Timisoara Meeting
(Viczian, 1993 c).

The present review is based on the evaluation of ap-
proximately 5.000 X-ray patterns taken from Hungar-
ian sedimentary rocks, mainly clays, shales, marls and
carbonate rocks in the period 1962 to 1993, as well as
on the data published in the literature. These data
were discussed in detail in a D.Sc. Thesis by Viczian
(1987) where all relevant references are found. In the
present review only few more recent publications are
cited.

The data are summarized in a stratigraphic se-
quence. The main tectonic units of Hungary are
shown in Figure 1. Typical clay mineral assemblages
of stratigraphic formations arranged according to

tectonic units are shown in ["igures 2 to 6. In each
of these figures the stratigraphic schemes of Kazmér
(1986) are taken as basis and typical clay mineral asso-
ciations are shown by letters. For example, the associ-
ation illite + kaolinite is denoted as 1K. Data referring
to the <2 pm fraction are given in brackets, e.g. (SI)
means smectite + illite in the <2 pm fraction.
Occurrences found in present-day mountainous ar-
eas and near the present-day surface are characterized
on the right side of the stratigraphic column. On the
left side the same formations are shown that lie deep
in the basement of the Neogene basins. The difference
between the clay content of the near-surface and deep-
seated occurrences may be attributed to the diagene-
sis due to subsidence in Neogene times. On both sides
of the stratigraphic column the degree of diagenetic
transformation is shown. Rocks affected by diagenesis
are most common on the left sides of the diagrams then
on the right sides. Rocks are here considered to be
affected by diagenesis when expanding, smectite-like
phases disappeared and kaolinites are recrystallized.
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Fig. 1 - Tectonic nnits of Hungary (aflter Csdszdr and Haas, 1984, modified by Kdzmér, 1986). 1, Pre-Neogene on

surface; 2, Strike-slip fault; 3, Nappe; 4, Uncertain boundary; 5, Raba Units; 6, Raba faults.

2. Results

2.1. Upper Permian-Triassic

In the Bakony and in the Mecsek-Villany units alike
the Upper Permian-Lower Triassic sandstone complex
is characterized by the assemblage of illite + kaolinite
(Figs. 2,3,4). Both in the Mecsek Mts and in the
basemnent of the Great Plain, illite-1M of diagenetic
origin is present in the pore space of sandstones.

Both in the Bakony and in the Mecsek-Villiny tec-
tonic units the Lower and Middle Triassic carbonate
rocks deposited in evaporitic, coastal and reef environ-
ments are characterized by the predominance of illite
which is partly of detrital (2M) and partly of aggra-
dational (1Md) origin. Mixed-layer chlorite/smectite
pointing to a restricted basin environment can be also
found in the Anisian of the Mecsek Mts (irregular
layer sequence and corrensite with regular sequence,
see Viczian, 1992 a, b, 1993 a). Ladinian tuffs and

overlying limestones contain smectite and illite- 1M
with few expandable layers.

In the Bakony unit the Carnian basinal formations
are made of marls containing large amounts of ter-
rigenous material. The clay mineral assemblage is
polymineralic with the predominance of smectite and
illite.

Kaolinite and partly illite are found in the Upper
Triassic carbonate platform deposits in the Bakony
unit and in the Upper Triassic detrital, terrestrial,
lacustrine or lagoonal formations in the Mecsek and
Villany units, Berthierine is a typical component of
the Keuper sandstone in the Mecsek Mts.

The degree of diagenesis of the Mecsek-Villany-type
Lower to Middle Triassic formations encountered in the
basement of the SE Great Plain does not differ from
that of the similar formations found in the present-day
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Fig. 2 - Clay minerals in the Upper Permian and Triassic formations of the Bakony unit. Numbers in the stratigraphic
column refer to descriptions of the formations in the paper of Kdzmér, 1986. The formations contoured by heavy
line are considered to contain the clay mineral association indicated on the right and left side of the stratigraphic
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mountainous areas since both of them are likely to have
been developed still during the Mesozoic sedimentary
cycle (Figs. 3,4). In the Upper Triassic-Lower Jurassic
red terrestrial deposits a mineral association contain-
ing dickite, dioctahedral Al- chlorite and their mixed
structures shows diagenetic recrystallization presum-
ably due to subsidence of the basement in the Neogene
(Fig.4).

In the Upper Triassic, there is a higher degree of
diagenesis in the basement of the Zala Basin than in
the Bakony Mts (Fig.2). Here and S of Lake Balaton,
well- erystallized kaolinite and dickite were formed due
to deep diagenetic and hydrothermal effects, active in
Triassic carbonate rocks along main structural lines.

2.2, Jurassic

In the Jurassic sequence of the Transdanubian Cen-
tral Range (Fig.5) and the Mecsek Mts (I'ig.3), strati-
graphically upwards, kaolinite is replaced by illite (in
the Liassic) and by smectite (from the middle of the
Dogger), as attested by the insoluble residue of marls
and limestones (Viczian, 1994). Kaolinite is more fre-
quent in the Mecsek Mts than in the Bakony unit, the
sedimentary environment of which was more distant
from the ancient shores. Liassic manganese ores in
the Bakony Mts are accompanied by clays of excep-
tionally high smectite content and containing iron-rich
phases such as Fe-smectite and celadonite (Kaeding et
al., 1983).

«There is no diagenetic transformation in the Juras-
sic of the Bakony Mts. In the basement of the Zala
Basin isochronous formations which had subsided to a
greater depth were more strongly affected by diagen-
esis (see Fig.h). In the insoluble residue of these car-
bonate rocks the clay mineral assemblage is uniformly
reduced to illite. The composition of the mixed-layer
illite/smectite and the degree of crystallinity of illite
correlate with the depth of burial.

2.3. Cretaceous

In the Transdanubian Central Range the smectite-
rich assemblage characterizing the upper part of the
Jurassic continues with no change, as far as the Aptian
limestone, in the Lower Cretaceous carbonate forma-
tions (Fig. 5). Smectite is likely to be a neoformation
associated with a more distant basic submarine volcan-
ism. The detrital reworking of basic volcanic material
is also suggested by the mineralogical and geochemical
composition of the Albian siltstones of Tata in which a
rather rare chlorite + smectite clay mineral association
has been found (Foéldvari et al., 1973).

Both in the limnic part and the underlying forma-
tions of the Senonian coal complex of Ajka the associa-
tions rich in smectite and kaolinite are prevailing (Fig.
5). Mixed- layer kaolinite/smectite represents transi-
tion from smectite to kaolinite. In the coal measures

complex, in minor intervals an illite + chlorite asso-
ciation identical with that of the overlying ferrestrial-
detrital formation is encountered. In the overlying Up-
per Cretaceous marine beds a siectite + illite associ-
ation prevails (Goezan et al., 1986).

Remains of a smectite-rich weathering crust and of
a kaolinite-rich one pointing to warm and humid cli-
mate can be distinguished in the Middle and Late
Cretaceous terrestrial and nearshore formations (Iig.
5). Bauxite is related to the kaolinite-rich weathering
crust. It is still uncertain to which extent the smectite-
bearing weathering crust has been formed from vol-
canic tuffs.

In the Mecsek Mts, volcanic glass produced by early
Cretaceous volcanic activity was halmyrolitically al-
tered (Fig. 3). The product is a smectite of nontronite-
saponite composition which forms either mixed struc-
ture or a mixture with chlorite. The exchangeable
cation of smectite is in part Na™, and the peperite
breccia is frequently cemented by analcime-bearing
matrix (Viczian, 1966).

The Middle and Upper Cretaceous marls of Vékény,
Mecsek Mts, and of Villany Mts, contain terrigenous,
detrital, polymineralic clay minerals and exhibit only
slight diagenetic transformation (IFigs. 3,4).

Upper Cretaceous carbonate rocks sampled (rom the
basement of the Zala Basin contain less smectite than
the corresponding stratigraphic horizons in the Bakony
Mts (Fig. 5).

In the basement of the SE Great Plain (borehole
Doboz 1. see Viczian, 1992 a) illite 4+ kaolinite asso-
ciation was found in the insoluble residue of a lime-
stone corresponding to the Malm-Lower Cretaceous
limestone in the Villany Mts (Fig. 4).
collected from fault surface and tectonic breccia tosu-
dite and dickite have been identified. The lalter was
developed due to the diagenetic recrystallization of the
deposit. originating from a kaolin-bearing weathering

In materials

crust. This occurrence represents a link between the
underlying formations of the Villany and the Padurea
Craiului (Kirdlyerdd) bauxites, in the basement of the
Great Hungarian Plain.

2.4. Paleogene

Clay minerals in the shallow Tertiary basins have
only slightly been modified by diagenesis. Three major
assoclations can be distinguished: 1. kaolinite-rich, 2.

illite + chlorite-rich and 3. smectite-rich associations.
2.4.1. Kaalinite-rich associations. The main compo-
nent of Paleogene terrestrial clays is disordered kaoli-
nite frequently accompanied by halloysite. sometimes
by few gibbsite and few inherited illite. Such a mineral
composition was identified in the following profiles:
-in the Bakony unit, at the bottom of the Eocene
coal and Oligocene sandstone formations (Fig. 6),
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the early Miocene (7) Cserszegtomaj fireclay
deposited on karstic surface developed on carbonate
rocks (Bardossy, 1961),

- in N Hungary, at the bottom of the Oligocene
sandstone formation and in the intercalated clay beds
(Felsopetény refractory clay deposit),

- on the surface of weathered crystalline basement
rocks of the Vepor Massif cut in the base of Oligocene
in the borehole Balassagyarmat 5 and

- m the Paleogene and Lower Miocene terrestrial
deposits of the Mecsek Mts (Fig. 3).

Of the detrital, fluvial, littoral, shallow-water -
shallow-lacustrine coarse-grained formations, kaolin-
ite is the main clay mineral in the Middle Eocene,
Lower and Middle Oligocene sandstone formations ex-
cept perhiaps some basal layers of the Csatka Sandstone
Formation (Fig. 6).

I. VICZIAN

rite are well- crystallized, and illite is of 2 M polytype.
In the clay fraction mixed-layer illite/smectite is en-
riched, and the smectite proportion ranges from 80 to
100 per cent. In untreated state d(001/001) varies be-
tween 12 and 15 A. Formations of this kind are:

- the non-tuffaceous part of the Eocene siltstones
(Mor Frm),

- the Lower Oligocene clays (Tard, Kiscell Fm.) and

- the Upper Oligocene Eger Formation (Fig. 6).

2.4.3. Smectite-rich associations. Smectite is the
most frequent product of hydrothermal and halmy-
rolitic alteration of acid pyroclastics. Kaolinite and
illite are much less frequent. The smectite (+ il-
lite + kaolinite) clay mineral association predominates
also in the volcanogenic sediment transported into
the sedimentary bhasin by pyroclastic fallout and by
erosional transport of volcanic rocks. The propor-
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Fig. 6 - Clay minerals in Paleogene formations of the Bakony unit. See for explanations and abbreviations Fig. 2

2.4.2. lllite + chlorite-rich associations. In fine-
grained, detrital formations found well inside the Pale-
ogene basins an averaged, uniform, polymineralic clay
mineral association prevails, in which illite and chlo-

tion of smectite-rich volcanogenic sediments is high in
the Upper Eocene Halimba Tuff Formation. In deep
buried position corrensite may develop from these vol-
canogenic sediments (borehole Zebecke 2, Zala Basin,
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see Fig. 6). Volcanogenic intercalations in the North
Hungarian QOligocene are not yet really mvestigated.

The transformation of smectite into illite in deeply
puried sediments of the Neogene of the Pannonian
Basin is well known and well documented (Tandes,
YViczian, 1994). The same process continues also in
tne underlying Paleogene series in the central zones
ol the North Hungarian Paleogene Basin (e.g. Zagyva
(Graben, Viczian, 1993 b).

3. Conclusions

The clay mineral associations that occur in the
licsozoic and Paleogene formations of Hungary can
be grouped into several genetic types that have their
counterparts in other classical areas of the European
ciay research:

3.1, Ewvaporitic facies of the Triassic of Ger-
many, France and Spain., Special Mg-rich clay min-
erals such as corrensite are products of neoformation
i & restricted basin environment. Such deposits are
kitown in the Anisian of the Mecsek Mts.

3.2. Upper Triassic to Lower Cretaceous car-
bonate rocks of the Alps and adjacent platform ar-
eas. One important feature is the variation of kaolinite
content in relation to paleogeographic situation in the
Tethys basin during deposition. Occurrences of this
type can bhe found in the unmetamorphosed Mesozoic
of the Transdanubian Central Mts and Mecsek areas.

3.3. Enrichment of kaolinite in Upper Cre-
taceous and Paleogene continental and shallow
marine sediments and siderolite facies of France.
Abundance of kaolinite is due to climatic and environ-
mental conditions during this period. Most examples
can be found in near-shore and continental deposits of
the Transdanubian Central Mts.

3.4. Tuffacecus and volecanoclastic deposits.
Typical minerals are varieties of smectite formed by
devitrification of acid to intermediate pyroclastics in
the Upper Eocene. Submarine alteration of Lower Cre-
taceous basalts in the Mecsek Mts resulted in the for-
mation of iron- and magnesium- rich varieties.

3.5. Sediments of Tertiary basins such as Rhine
Graben, Molasse and Vienna Basins, southern Poland,
Transylvanian and Pannonian Basins. The pellitic sed-
imenls of the North Hungarian Paleogene Basin fit into
this type. A detrital clay mineral assemblage 1s typi-
cal here due Lo high rate of denudation, redeposition
and sediments accumulation. High geothermal gradi-
ents and thick sedimentary sequences result in typical
diagenetic transformation of smectite into mixed-layer
ilite/smectites and illite.
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CONSIDERATIONS GEOCHIMIQUES SUR LA MUSCOVITE DES
PEGMATITES A ALBITE ET SPODUMENE DE CONTU (MONTS CIBIN)
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Key words: Lithian Pegmatites. Muscovite. Chemical and Normative Composition.
South Carpathians-Cibin Mts.

Ahbstract: Geochemical Considerations on the Muscovite from the Albite-Spodumene
Pegmatite at Contu (Cibin Mts). In the lithian pegmatites in the Contu area, Cibin
Mountains, muscovite occurs as large crystals and fine lamellae, forming two character-
istic mineralogical assemblages: quartz-muscovite and albite-spodumene. The chemical
analyses of muscovite show constant and high contents of SiOz and Al; O3 and low values
of MnO and Ca0O. The prevalence of Fe?t over Fe® and of K over Na is also obvious.
The content in titanium is characteristic of muscovite in metamorphic pegmatites. Mus-
covite associated with spodumene has the lowest Mg content. In the analyzed muscovites
the correlations between Na and K and Fe and Ti are positive. The normative compo-
sition and the degree of substitution of Si** for AI** in tetrahedral sites differentiate
muscovites from pegmatites over those from paragneisses. Crystallochemical formulae
suggest that Al is both four-fold and six-fold coordinated and also a wide participation

of the alkaline elements in the X sites.

1. Contexte géologique. Les formations
cristallines du champ pegmatitique de Con{u-Monts
Cibin, ol sont localisées les occurrences des pegmatites
a albite et spodumeéne, se rattachent a la série de
Sebes-Lotru de la nappe gétique. Elles ont subi un
métamorphisme au faciées des amphibolites & almandin,
la zone & staurotide et la zone a disthéne (Savu,
1970). Ces roches ont été encadrées en trois com-
plexes: les complexes inférieurs (le complexe des parag-
neiss et le complexe des amphibolites et des gneiss
quartzo-feldspathiques) et le complexe supérieur (des
micaschistes). Les roches du complexe des parag-
neiss représentent les formations les plus anciennes du
champ pegmatitique de Contu. Les pegmatites a albite
et spodumeéne connues forment des filons et des corps
lenticulaires qui sont disposés d’une maniére concor-
dante dans le complexe des paragneiss. Rarement, on
rencontre aussi des corps pegmatitiques situés dans les
roches du complexe des micaschistes.

La structure zonale des certains corps pegmatitiques
correspond au type. symétrique (Maieru et al., 1968),
en comportant trois zones (marginale, intermédiaire,
centrale) nettement contourées; d’autres zones appar-
tiennent au type structural avec zonation partielle.

2. Données minéralogiques. Dans la coms
position minéralogique des pegmatites a albite et
spodumene de Contu on rencontre du quartz, des
feldspaths, de la spodumeéne, de la muscovite, de la
biotite, de la tourmaline, des grenats, de I'apatite, de
Pambligonite, de la montébrasite, de la triphylline-
lithiophyllite, de la purpurite, de la cassitérite, de
la tavorite, de I’huréaulite, de la manganocolumbite,
de la sphalérite(?), de la topaze (Pomarleanu et al.,
1967; Maieru et al., 1968; Movileanu, Pomarleanu,
1972; Hann, 1987; Sabau et al., 1987; Murariu, 1992).
La composition minéralogique quantitative est: 25-
30 % quartz; 30-43 % albite; 15-20 % spodumene;
0-5 % feldspaths potassiques; 3-10 % muscovite; 0-
1 % biotite. D’aprés la composition minéralogique,
les occurrences pegmatitiques appartiennent au type
albite-spoduménique (Solodov et al., 1980). Dans les
pegmatites & albite et spodumeéne de Contu, la mus-
covite est présente soit sous forme des cristaux large-
_ment développés, soit en lames fines, incolores (dans le
~complexe quartzo-muscovitique) et a teintes verdatres
(dans le complexe albite-spoduménique).
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3. Données géochimigues. Dans les muscovites
des pegmatites a albite et spodumeéne de Con{u on a
déterminé des teneurs constantes en silice (45,33-46,63
% S103), ainsi que des valeurs élevées pour la teneur en
aluminium (36,39-36.86 % Al,O3). La présence dans
les muscovites analysées des éléments tels que Fe ei
Mg est soit le résultat de la présence des traces de la
muscovitisation de la biotite, soit le résultat de la sub-
stitution diffusive de I’Al des positions octaédriques
(Alyr). Les analyses chimiques (Tab. 1) on mis en
évidence des teneurs réduites en Mn (0,06 % MnO),
Ca (0,01-0,03 % CaQ) et la prédominance du Fe** sur
le Fe3*. La teneur en Na est généralement constante
(0,60-0,66 % NagO) et s’accorde bien avec les données
expérimentales (Eugster, Yoder, 1955), d'apres les-
quelles la limite maximale de la solubilité de la parago-
nite dans la muscovite est d’environ 24 mol. %, ce qui
correspond a un pourcentage de 2 % Na»O). La teneur
en Ti(0,15-0,19 % Ti0O,) est caractéristique pour la
nmuscovite des pegmatites métamorphiques. La moin-
dre valeur de la teneur en magnésium a été enregistrée
pour la muscovite du complexe albite-spoduménique:
0,05 % MgQ. La valenr obtenue se trouve entre les lim-
ites présentées récemment par Zakorski ef Kuznelsova
(1990) pour la muscovite des pegmatites A albite et
spodumene du champ "Glavnii” de Sibérie (0,01-0,07
% MgO).

Dans les muscovites étudiées les corrélations Na,O:
K20 et TiOs: (FeO4Fe203) ont un caractére positif
(Fig. 1).
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Le degré de la substitution du Si'* par AI*t en posi-
tion tétraédrique (a,;) est plus élévé dans la muscovite
des pegmatites (Tab. 1).

[’examen des formules cristallochimiques permet e
constater la double position de 'Al(Aly; Alyy) (Fig
2), ainsi que d’observer la participalion plus large des
éléments alcalins dans la position "X (Tab. 1).

Al
2.0k ¢ & 9@ A
e 0‘0_}, H )
B o ® @ ©
1.8 &
— O @] B
1.6 g I |
0.8 0.9 1.0 Aly
Fig. 2 - La corrélation Alyy:Aly; dans les muscovites

1

des pegmatites de la Province Carpatique (A) et
métamorphites encaissantes (B); (+) les muscovites de:

pegmatites et des paragneiss de Contu.

La composition normative de la muscovite des peg-
matites lithiniferes de Contu montre des teneurs
réduites en ferrimuscovite, ferromuscovite et phengite
Des résultats similaires ont été obtenus pour la mus-
covite d’autres champs pegmatitiques de la Province

(FeO+Fe;031%
3 L.
® @ L
9
@
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2 0’ &
(-1 3
[ ]
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]
I 1 [l
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Fig. 1 - Les corrélations I{;0:Nay O et TiO2:(FeO+Fey Oa) dans la muscovite des pegmatites de la Province
Carpatique; O les teneurs dans les muscovites des pegmatites a albite et spoduméne de Contu; e les teneurs
dans les muscovites des autres pegmatites,

Dans la composition de la muscovite des parag-
neiss encaissants on remarque une angmentation de la
teneur en Si, Ti, Fe, Ca, Mg et la diminution accusée
de la valeur d’Al (Tab. 1). La teneur en Ti de la mus-
covite des paragneiss est située entre les valeurs qui
caractérisent la muscovite du faciés amphibolitique.

Carpatique (Tab. 2).

Dans la muscovite des paragneiss encaissants on a
mis en évidence la participation plus large de la fer-
rimuscovite, de la ferromuscovite et de la phengite et
la diminution du composant "muscovite” (Tab. 2).
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Tableau 1

La composition chimique et les formules

47

La variation de la composition normative pour la
muscovite des pegmatites et des paragneiss de la zone
Contu-Monts Cibin est présentée dans les diagramimes
{'addition des composants (Fig. 3).

e

cristallochimiques des muscovites N
8
100
(%) Ms-17  Ms-18 Ms-16 1
Si0, 16,63 45,33 46,51 % g l . L o
TiO, 0,15 0,19 1,01 <ol - s 2 ol
¢l s 8 o8 3 o & B 2
Al:Oa 36,86 36,39 33,98 . 22 2 :|2 2 212 8§ 2
Fe;04 0,51 0,59 0,96 sl £ 3t £ 1€ 5 &
FeO 1,26 1,30 173 sk [T = & e | £ W
MnO 0,06 0,06 0,03 —{ | |
MgO 0,05 1,06 1,02 LES PEGMATITES LES PARAGNEISS ¢
CaO 0,01 0,03 0,09 !
Na,O 0,60 0,66 1,16 Fig. 3 - Le diagramme d’addition des composants nor-
K.O 9,84 10,11 9,61 matifs de la muscovite des pegmatites et des paragneiss
H.O% 3,67 3,81 3,01 de Conju. A = le complexe albite-speduménigque; B = le
H:07 0,51 0,63 0,36 complexe quartz—muscovitique.
Somme 100,15 100,16 99.46
. 22 2: 20 . . i ;
?’“ 2 Dans la muscovite des pegimatites & albite el spo-
prm) 684 70 Al dumeéne de Contu on a determiné les suivants éléments
v . - . .

Be 90 = A 100 en trace: Li, Be, Sn, B (Tab. ). Les résultats

& n= . .
Sn 200 100 Alrv + Alvs obtenus montrent que la muscovite du complexe albite-
B 300 65 spoduménique présente les teneurs les plus élevées en

Les formules cristallochimiques:
Ms—17 (la muscovite du complexe albite-spoduménique):
; 24 a
(Ko,saNaoos)og1(Alz, 01 Feje Feu}—)g J2 08
(Sig 1241088 140100011 630037 )2
Ms—18 (la muscovite du complexe quartz-muscovitique):
- - 2 AP
(Kog,56N g 05 Jo,04( Al .saf‘eo},;* 60:524\190.10}2.12
(Sis,05Alo,85)s 01000 H1,7100 20 )2
Ms~16 (la muscovite des paragneiss encaissants):
; 2 : -3 ;
(ko,ssﬁae,wJo,gs(:’th,gnf”cgf{,gf“ ey Mgo.10Tio 05)2.18
(Si3,17 Al 83)4 O10(O H1 36 Do 64 )2

ces éléments.

La teneur en Li des muscovites est déterminée par
des substitutions du type:
ABL2ARY —Lit2SiTh; 2A15E 3ALT) —3LiT3SijT et in-
fluencée par les particularités géochimiques des peg-
matites lithiniferes. La possibilité que 'aluminium
octaédrique soit substitué par le Li dans la muscovite
des pegmatites de la Province Carpatigue est argu-
mentée par la corrélation inverse éiablie dans le dia-
gramme Li:Aly; (Fig. 4).

Tableau 2
La composition normative des muscovites (%)

Echantillon Muscovite Ferrimuscovite Ferromuscovite Phengite
Ms-17 96,2 0,9 2.8 0,01
Ms-18 91,0 0,9 3.3 4,6
Ms-—-16 86,2 1,8 4.2 4,7

Les données comparative: (Murariu, 1979; 1988):
La muscovite des pegmatites de la série de Rebra (Monts Rodna)
Ms-144 94,7 1,5 1,9 1,9
La muscovite pegmatites de la série de Rizoare (Monts Preluca)
Ms-423 94,2 1,2 2.4 .2
La muscovite des pegmatites de la série de Somes (Monts Gildu)
93,0 2,5 1,5 3.0
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Fig. 4 - La corrélation Li:Alyr dans la muscovite des
pegmatites de la Province Carpatique; O la muscovite des
pegmatites & albite et spoduméne de Contu; s des autres

' muscovites,

La moyenne de 377 ppm Li trouvée pour la mus-
covite des pegmatites lithiniferes de Contu se rap-
proche de la moyenne calculée par Solodov et al.
(1980) pour la muscovite des pegmatites a albite et
spoduméne (400 ppm) et elle est plus élevée que
les teneurs déterminées dans les muscovites des peg-
matites & mica et des pegmatites feldspathiques de la
Province Carpatique (Murariu, Zamarca, 1979; Hann,
1987; Murariu, Gandrabura, 1992).

Le beryllium est un élément caractéristique pour
les pegmatites granitiques.  Dans les pegmatites
lithiniferes de Contu, la muscovite du complexe albite-
spoduménique montre une teneur plus élevée en Be: 20
ppm. Cette valeur est presque la méme que la moyenne
calculée par Manuilova et al. (1966) pour la muscovite
des pegmatiies a terres rares: 289 ppm.

La teneur réduite en Be déterminée dans la mus-
covite du complexe quartz-muscovitique est en ac-
cord avec les données présentées dans la littérature
(Shmakin, 1971; Liahovici, 1972; Hann, 1987) qui
révelent 'abondance réduite de cet élément dans la
muscovite des pegmatites a mica et des pegmatites
feldspathiques. Dans la muscovite, la présence du Be
est due & des substitutions du type: 2A13) —Be**+Sij}
[Sio‘;]q_ ‘—[BEOQ(F.OH )]4_ F

La muscovite des pegmatites étudiées est ca-
ractérisée par des temeurs bien diminuée en Sn par

T. MURARIU

rapport a la muscovite des aplites: 320 ppm et des
granites: 339 ppm (Liahoviei, 1972). Les valeurs
obtenues (100-200 ppu Sn) sont plus élevées que dans
la muscovite des pegmatites feldspathiques ou des peg-
matites a mica de la Province Carpatique (Murariu,
1979; Hann, 1987) et que dans les muscovites d autres
champs pegmatitiques:  Mamsk-Siberie  (Shmakin,
1971), Baikal (Manuilova et al., 1966) etc. Dans
la muscovite, la présence du Sn est déterminée par
'affinité de cet élément pour 'alwminium.

Les déterminations du B montrent des teneurs
plus élevées dans la muscovite du complex albite-
spoduménique. La valeur de 65-300 ppm B mncorporé
dans les muscovites des pegmatites étudiées s’explique
par la capacité de cetl élément d’occuper la place de
I’Al, suite & un isomorphisme du type: APt —B3t,

L'ordre des concentrations des éléments en trace
dans la muscovite des pegmatites & albite el spo-
dumeéne de Contu est: Li>B>Sn>Be.

Les données géochimiques obtenues montrent que la
teneur en Li, Be, Sn, B de la muscovite des pegmatites
lithiniferes peut étre utilisée comme un indice de leur
minéralisation.
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Pyrenees. France.

Abstract: At Costabonne (Pyrenees, France) skarns develop by metasomatic alteration
of various metasedimentary rocks of Cambrian age, in the vicinity of the Costabonne
Hercynian granitic stock. The transformation took place during a large temperature in-
terval, from about 680° C for the early stages to about 250° C for the late stages. As a
consequence the metasomatic minerals and zoning patterns developed at early stages dif-
fer from those developed at the end of skarn evolution. This is particularly conspicuous in
the case of the transformation of dolostone. The first zoning pattern shows the develop-
ment of calcite + forsterite, diopside and andradite, the intermediate patterns show the
development of more grossular-rich garnet and more hedenbergitic pyroxene, and in the
late zoning pattern, manganese-rich garnet and pyroxene, and calcic amphiboles develop.
The various zoning patterns can be portrayed on a diagram where time is represented
along the vertical axis and space along the horizontal axis. Chemical potential diagrams

at different temperatures explain part of the changes observed in the zoning patterns.

Introduction

The Costabonne scheelite skarn deposit is located
in the Eastern part of the French Pyrenees, near the
Spanish border, 60 km west of Perpignan and 100
km North-West of Barcelona. Mineralized outcrops
are known between altitudes of 1900 and 2465 m
(Costabonne Pike). Several aspects of the transfor-
mation of various rocks are to be seen; the paper by
Guitard and Laffitte, 1958, gives their first description.
Since then, several pieces of work on the Costabonne
deposit have been completed in Saint-Etienne School
of Mines. Synthesis may be found in the works of Guy,
1979, 1980, 1988. At the contact and near the granitic
stock, skarns develop by metasomatic alteration of
calcitic and dolomitic marbles, calc-silicate hornfels,
pelitic schists and granitic rocks. The present paper is
mainly dedicated to the transformation of dolostones;
it gives a brief account and discussion of the zoning
patterns developed within these rocks.

Transformation of dolostones
Types and chronology of zoning patterns

The zoning patterns developed within dolomitic
rocks may generally clearly be observed in the field;
because of their moderate permeability and their abun-
dance, the rocks are not completely transformed and
one can always see the starting material and the
first zones; the variety of the magnesian minerals
(forsterite, diopside, tremolite, serpentine, talc, bo-
rates etc.) that may be stable under the physical and
chemical conditions of skarn formation is another fac-
tor accounting for the clarity of the zoning patterns.
Several types of zonings may be seen. According to
Guy (1979), on the basis of the study of garnet gener-
ations, the different zonings may have developed at dif-
ferent times and the overall transformation has taken
place under a large interval of conditions. A unique
frame of interpretation for the succession of the zon-
ing systems seems to be applicable at the scale of the
deposit.

Let A, B, C and so on be the main zonings observed
(Tab. 1).
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Table 1

Inventory of the metasomatic zonings developed at
Costabonne on dolomitic starting materials

A (G2)/G1/DI/CC + FO/DOL
B DI/TRE/CC + FO/DOL

C  G1/DI/CC + TREM/DOL

D  G2/Gl/SA/DI/TRE/CC/DOL
E,F G3/ACT/TREM/CC/DOL

Zonings have been ordered according to the observations. The
phases indicated between brackets have not been seen in strict
continuity with the others: these seem to follow in the context.
The existence of a zoning with tremolite and andradite shows
that andradite may last longer than forsterite. Quartz may pre-
cipitate in an early stage contemporaneously or a little after gar-
net; disappearance of andradite and appearance of salite, after
forsterite has disappeared, are likely to be simultaneous, since
these two transformations are linked to the behaviour of iron and
to the oxygen fugacity (Guy, 1988). At the stage when garnet 3
develops, it is possible that pyroxene no longer does; amphibole
labelled ACT may contain aluminium. Other types of zonings
containing tale, serpentine, humite group minerals, magnetite,
brucite have been observed; they are not incorporated in the
present study (see Guy, 1988, Dubru, 1986).
ABBREVIATIONS: CC = calcite; FO = forsterite, DI = diop-
side, G1 = first type garnet, andradite, G2 = second type garnet
of grandite type (average composition: Gro 65, And 25, Alm +
Sp 10), TR = tremolite, ACT = actinolitic amphibole, SA =
salite, Gr3 = late garnet (Gro + And = 60 %, with And < 10
%, Alm from to 15 % and Spess from 25 to 35 %).

The classification of zonings is described in Fig. 1 and
is established on the basis of the field and microscopic
observations. For instance, zoning B cross—cuts zoning
A, and is later than zoning A. The ordering of zonings
allows one to order the triple points numbered 1, 2, 3
and so on, in Fig. 1; these points correspond to the
disappearance of a zone from the zoning system arid to
the appearance of a new one. For instance, point 2 is
subsequent to point 1, these two points are separated
by zoning B. The observations do not allow to order
all the triple points and the figure presents the most
likely ordering.

The salient features concerning the transformation
of the dolomitic starting materials are as follows
(Fig. 1). The earliest zoning shows the succes-
sion: dolomite/calcite+forsterite/diopside/andradite
("garnet 17)/grandite ("garnet 2”). In a second
step, forsterite disappears and a tremolite zone ap-
pears at the contact with dolostone. Andradite
then disappears and a salitic pyroxene takes its place
between the diopside and the garnet. Then an
iron-rich amphibole intercalates between salite and
garnet, and this last mineral gets a higher Fe®t
+ Mn content ("garnet 3”); eventually, salite and
diopside disappear and zoning may be observed as

Fig. 1 — The several types of zonings on dolomitic start-

ing materials and their temporal relationships. Space is
indicated in abscissa, time in co-ordinate. The figure represents
the sequence with time of the zonings that could be observed at
a given locality: during the pervasion of the fluid at the same
place, zoning is evolving and overprinting itself. The movement
of the fluid is from the left (feeding vein) to the right (dolomite).
The different zonings are not simultaneous: a zoning replaces the
preceding as one progresses downward along the vertical axis.
The correlative increase with time of thickness of the zones is

. indicated by the obliquity NW-SE of the different fronts (a front

that ceases to progress would be indicated by a vertical limit).
Spatial scale: the width of the drawing represents a few tens
of centimeters to a few tens of meters. Temporal scale: it is
difficult to give an estimate; according to what is known on ad-
vection velocities for the fluids and on the thermal evolution in
perigranitic contexts (Guy, 1979) one can image that the length
of the figure, starting with the early skarns at the top to the last
stages at the bottom, represents a few hundreds of thousands of
years. Zonings A, B etc. have been observed in the field (see
Tab.1). Triple points corresponding to the temporal end or be-
ginning of zonings are numbered 1, 2 etc, Typical compositions
of minerals are given in Table 2,

ABBREVIATIONS: CC = calcite, FO = forsterite, DI = diop-
side, G1 = first type garnet, andradite, G2 = second type garnet
of grandite type (average composition: Gro 65, And 25, Alm
+ Sp 10), TR = tremolite, ACT = actinolitic amphibole, SA
= salite, Gr3 = late garnet, Grossular rich with Almandine 4-
Spessartine from 30 to 50 %.
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follows: dolomite/magnesian amphibole/iron-rich am-
phibole/garnet. Typical compositions for skarn min-
erals are given in Table 2.

tain ferruginous and magnesian silicates (andradite is
present in the transformation of dolostone and salitic
pyroxene in the case of calcitic marble, Guy, 1988).

Table 2
Selected compositions of skarn minerals
Sample no. C43X7 (C43-1-2 C43-1-2° 215 107 216 260
Si0; 35.46 36.95 36.69 | 53.35 52.47 | 57.48 | 51.69
TiOz 0.00 0.06 0.20 0.00 0.00 0.00 0.00
Al, Qs 1.26 19.12 12.69 0.23 0.25 0.30 1.06
FeO 26.66 5.89 12.01 3.70 11.55 1.18 -] 18.55
MnO 0.16 15.54 3.98 | 1.61 5.15 | 0.26 | 4.26
MgO 0.13 0.01 0.05 | 14.85 8.81 | 23.14 | 10.18
CaO 32.93 20.74 30.27 | 23.70 23.49 | 13.10 | 11.67
Na;O 0.00 . 0.00 0.03 0.00 0.08 0.10 0.14
K20 0.00 0.04 0.00 0.00 0.00 0.05 0.09
1 Crz0; 0.09 0.00 0.00 0.00 0.00 0.00 0.00
Total 96.69 98.35 ©95.92 | 97.44 | 101.80 | 95.61 | 97.64

GARNETS: C43X7: yellow andraditic core inside a garnetite of gallery 2033 ("garnet 1");
C43-1-2: rim of garnets inside garnetite, gallery 2033 ("garnet 3"); C43-1-2": garnet from

garnetite, gallery 2033, (garnet 2).

PYROXENES: 215: diopside in veinlets inside the dolostone, sample CB48; 107: salitic
pyroxene inside the garnetopyroxenite, sample C42.

AMPHIBOLES: 216: tremolite at the border of a skarn veinlet in dolostone, sample
CB48; 260: actinolitic amphibole in garnet pyroxenite.

General evolution of zoning: first discussion

An evolution of zoning is revealed. To describe and
explain it one must come out of the duality between
”primary zoning” and "alteration of the primary zon-
ing”; this is often the only rule for interpreting the par-
ageneses in skarns, compelling one to change abruptly
from a mobilist point of view (the fluid progresses, the
zones develop) to a fixist point of view (the fluid ceases
to percolate; the conditions change and the first formed
minerals are transformed). In such dualistic frame of
interpretation, once a ”primary zoning system” has
been defined, the only way to understand those miner-
als that do not belong to that system is imagining that
they transform the minerals of the primary system. It
is now necessary to have a more precise view and imag-
ine that the conditions may have varied at the same
time as the fluid was pervading; this leads the zoning
system to evolve during its development. The "con-
ditions” include the physical conditions (pressure and
temperature), and the chemical conditions (the com-
position of the pervading fluid entering the system) as
well. The appearance of oscillatory precipitations may
be understood by a critical situation within this frame
(Guy, 1988).

Systems of zones developed on dolostones are differ-
ent from those developed on calcitic marbles, where no
magnesian silicate is observed in external part, on the
side of the starting material. But both systems do con-

The widespread classification between calcic skarns
and magnesian skarns must then be used with caution.

Conditions of formation

Analysis of parageneses does not suffice by itself
to determiine a parameter such as temperature, since
skarn assemblages have a low number of phases and
low variance. The triple points such as those indicated
in Figure 1 may, however, be more easily located on the
diagrams; they correspond to the time when a phase
disappears from the system of zones and is replaced
by another (for instance, the end of forsterite and the
beginning of tremolite occurs at T = 500° C, for P =
2 kb, according to Dubru, 1986). Conditions of forma-
tion may be estimated by gathering data issued from
fluid inclusions and stable isotope studies, and phase
analysis (Guy, 1988, Guy et al., 1988). Stable isotope
analysis for the peak of amphibole development indi-
cates a temperature of about 400° C. Pressure may be
determined as that necessary to bring to this value the
temperature of fluid inclusions corresponding to the
amphibole stage (homogenisation temperature around
200° C; salinity of approximately 20 % eq. NaCl); esti-
mated pressure was then of about 1.7 to 2 kb. This es-
timate fits with the information gained from the thick-
ness of the sedimentary cover and the analysis of par-
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ageneses. With the same pressure, the thermometric
information given by the fluid inclusions of the early
stages allows an estimate of the first temperatures, 650
to 700° C. These temperatures are close to that cor-
responding to the end of crystallization of granite at
the same pressure; the early skarns closely follow the
crystallization of granite. Pressure probably dimin-
ished from the early stages when the rocks underwent
fracturing and when veins developed (pressure close
to lithostatic) till the latest stages wheun hydrostatic
regime was reached and allowed the incorporation of
meteoritic waters in the system, as is suspected on the
basis of hydrogen isotopes (Guy, op. cit.). Fluid pres-
sure estimated above for the amphibole stage does not
correspond to the lithostatic early stage and the value
of 1.7 to 2 kb is thus a minimum estimate for the first
stage. In contrast, the pressure during the last stages
was probably lower than the above estimate. As a
synthesis, Costabonne skarn formation began at high
temperature (680° C; P~ 2kb) and a large temperature
interval existed till the latest stages (end of evolution
around 200° C, P < 1.7 kb). The existence of peri-
clase (Dubru, 1986) at a stage that may be supposed
to predate by little skarn development, is also an in-
dication of the high temperature of the early stages
and in agreement with the temperature estimate for
the early stage.

B. GUY

Effect of temperature on zoning evolution

The understanding of the zonings requires the
knowledge of all chemical parameters of the pervad-
ing aqueous solution; because of the chemical gradients
in this zonings, no parameter can presumably be held
constant for an entire zonation. Zonings cannot be
explained by temperature gradients; systems of zones
are observed within small distances and with a com-
plex geometry to which no likely T gradient may be
adjusted. Reasonings may thus be done while keeping
T constant in space, at least by steps. The discussion
of the relationship between paragenesis, oxygen fugac-
ity levels and temperature within the early skarns at
Costabonne (Guy, 1988) indicates that the parameter
fCO, 1s not constant along the whole zonation and
that it has a gradient that can be connected to the de-
carbonization process. Its level within skarns remains
low (XC'O4 around 0.05), confirmed by fluid inclusion
study, (Guy, op. cit., Santarelli et al., 1988). The
study of chemical potential (or of similar type) dia-
grams indicates that gradients for the chemical poten-
tial of SiO4 prevailed within the skarns developed on
dolostone (Dubru, 1986, I'ig. 2), and that gradient. for
CaQ potential was obtained in the skarns on granite,
and schist (Van Marcke, 1983). Gradients are repre-
sented by the spatial positions of the different para-
geneses on the diagram,
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Fig. 2 -8i0z chemical potential/T diagram for P = 2 kb, XCO; = 0.01 and at calcite saturation; at high temperature
T > 500° C, the minerals develop in increasing chemical potential of silica: dolomite, forsterite, diopside: for T <
500° C, tremolite develops between dolostone and diopside (Dubru, 1986).
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On the other hand temperature is responsible for the
evolution of zoning, as seen in the preceding section
and in agreement with diagram studies; in summary,
all these results may be represented on a pSiO.-T di-
agramy (Fig. 2), the first parameter describes the spa-
tial zoning and the second the temporal evolution of
the zoning; on the diagram, substitution of forsterite
by tremolite is well explained by this temperature de-
crease (Fig. 2), in agreement with Bucher-Nurminen,
1981, Dubru, 1986.

Acknowledgements: the author thanks his colleagues
from the Geological Institute of Roma:nia, Bucharest,
for welcoming him at the Romanian Mineralogical
Congress and on field trip skarn occurrences; the stim-
ulation of G. Udubasa to write this paper is appreci-
ated.
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Abstract: The cupriferous members of the sulphospinel group, namely carrollite and
fletcherite (7) have been identified in the Biita Bihor ore deposit, in the massive copper
mineralization in association with the chalcopyrite and the ferro-zinciferous tetrahedrite
(horizon 580 m of the Baia Rosie zone). The identity of these two minerals was established
by studying their optical properties and by carrying out quantitative and qualitative
microprobe analyses both with a wavelength dispersive and an energy dispersive X ray
microprobe analyzer. X ray distribution images and characteristic energy spectra for
S, Co, Ni, Cu and Fe have been obtained. The chemical compositions have also been
determined quantitatively by point EDAX analysis, and they were in a good agreement
with the analysis of these minerals found elsewhere.

The Baita Bihor ore is located on the upper course
of the Crigul Negru river in the Bihor Mountains of
the Northern compartment of the Apuseni Mountains.
It contains mainly Mo and Bi minerals associated
with W, Cu and B minerals. The mineralization is
hosted by skarns formed at the boundary between the
Laramian magmatites on one side and the Norian lime-
stones and the Carnian dolomites, belonging to the
Codru nappe, on the other side. About 100 minerals
have been cited in this ore deposit, some of them being
discovered here: rezbanyite, szaibelyite, ascharite and

kotoite (Cioflica, Vlad, 1971).

' The sulphospinel minerals, with the general formula
AB,S,, comprise linnaeite, polydymite, greigite and
the intermediate members: siegenite, violarite, car-
rollite and fletcherite. The metallic elements (A and
B) in the general formula are represented by Co, Ni,
Fe or Cu. The carrollite represents an intermediate
member between Co and Cu having the theoretical
formula CuCosS4 (Kostov, Mingeva-Stefanova, 1981).
But most of the chemical analyses carried out on car-
rollite show also the presence of Ni (up to 10 at %)
and of Fe (less than 2 at %). So, practically the
following formula may be taken into consideration:
(Cu,Ni,Fe)(Co,Ni)3Ss where Ni and Fe may substi-
tute for Cu (up to 50 at %), while Ni substitutes for

Co (up to 20 at %).

The carrollite presented here was found in samples
from the Baia Rosie zone of the Biita Bihor ore de-
posit, namely from a massive copper mineralization
occurring at the 580 m horizon.

The microscopic examination shows that carrollite
consists of subhedral or even euhedral crystals, less
than 1 mm in size, included in chalcopyrite compact
aggregates together with tetrahedrite (PL. I, Fig. 1,2).
The mineral assemblage consists of chalcopyrite, ferro-
zinciferous tetrahedrite, carrollite and bornite. Op-
tically the carrollite is isotropic, light gray coloured,
having slight reddish hues. The reflectivity of carrol-
lite is higher than that of the chalcopyrite that is in
close contact to it, having a value of about 45 %.

The chemistry of carrollite was determined in a semi-
quantitative manner by means of the wavelength dis-
persive microprobe analysis. The X ray images ob-
tained by this method (Pl. I, Fig. 3, 4, 5, 6) show the
presence of Co, Ni, Cu and subordinately of iron. The
semiquantitative information on the composition of the
carrollite crystals was confirmed quantitatively by the
characteristic energy spectra obtained in a given point
of the crystal by means of an EDAX energy dispersive
X ray analyzer (Fig. 1).
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Fig. 1 - Characteristic energy spectra for carrollite.

Table 1
Point chemical composition (weight percent and atomic percent)
of carrollite and fletcherite (7) determined by EDAX

Co Ni Fe Cu 5
wit% at%  wi%  at% wt%h  at% wi% at% wit% at%

1. 38.06 2857 0.00 0.00 0.00 000 2053 1429 4141 57.13
2. 3530 2694 1.76 135 233 1.88 2042 1446 3947 55.37
3. 3579 26,96 3.66 277 093 0.74 1898 13.26 40.64 56.27
4. 3515 26,58 T.01 532 218 174 13.90 9.57 40.74  56.62
5. 36.08 27.25 T7.65 5.80 225 1.79 9.98 6.99 41.89 58.16
6. 31.11 23.14 968 7.23 163 1.28 1532 10.57 42.26 5T.78

. CuC0,S4 (Palache et al., 1966);

. Carrollite - Gladhammar Sweden (Johansson 1924 fide Palache et al., 1966);

. Carrollite - Siegen Germany (Laspeyres 1891 fide Palache et al., 1966);

4. Carollite - Gladhammar Sweden (Johansson 1924 fide Palache et al., 1966);

. Carrollite - Mineral Hill mine, near Sykesville USA (Shannon 1926 fide Palache et al., 1966);

G. Carrollite - B&ita Bihor, Romania.

[ R I

o

The quantitative composition of the carrollite de- oecurrences, it is likely that from a chemical point
termined by EDAX is show in the Table 1 in compar- of view our carrollite is verv close to the Glad-
ison with the chemical compositions of the carrollite  hammar material (Tab. 1; Biis 4). Computation
from Siegen-Germany, Gladhmmar-Sweden and Min-  of the chemical data shows that the nickel atoms
eral Hill Sykesville-USA (Palache et al., 1966). might appear both in a tetrahedral co-ordination, by

By comparing the chemistry of the carrollite from substituting for copper (11 at %), and in an octa-
Baita Bihor with the data from the above-mentioned hedral co-ordination, by substituting for cobalt (20
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at %). The iron aloms are present uniquely in a
tetrahedral co-ordination, by substituting for copper
(10 at %). Therefore the empiric formula may be:
(Cuo.79,Nig.11,Feq.10)(Cop 5,Nig 2)254.

Small and rare grains of mineral resembling carrol-
iite but having a lower reflectivity has been also found.
The point X ray analyzer (EDAX), has pointed out
the characteristic energy spectra for S, Co, Ni and Cu
(Fig. 2); the chemical composition inferred [rom these
spectra is given in Table 2.

in tetrahedral and octahedral co-ordination, while cop-
per appears only in tetrahedral and nickel in ccta-
hedral co-ordination, the following empiric formuiz
would result: (CUU 73,000 38){CO().;',T_.Ni(p_qs)gS.-;, This
formula lies in the compositional limits given by
most analyses for fletcherite: Cu(Cog5,Nig 5)254 and
(Cup.5,Cop.5)N12Sy (Craig, Carpenter, 1977 fide Koz
tov, Minceva-Stefanova, 1981). Based on these cois
siderations this mineral may be the fletcherite (7)), the
intermediate member (Ni1,Co,Cu} of the sulphospise
group.

TIME 100 L sec 10eV/ch
2730 )
SKa I
5
2184 |— |
I
- ‘
|
i
1638 —
1092 —
CoKe
546+
o I ’ ; y : 1
D 1 Sl
5.00 10.00 15.00 —
Fig. 2 — Characteristic energy spectra for fletcherite (7).
Table 2
Point chemical composition (weight percent and atomic percent)
of fletcherite (?) determined by EDAX
Co Ni Fe Cu :
wt% at% wt% at% wt% at% wt% at% wt %
1. 26.38 19.60 1596 11.90 0.00 0.00 15.14 10.43  42.52
1. Fletcherite (?) - Biita Bihor, Romania.
This chemical composition results in the following This is the first occurrence of carrollite and
formula, Cug.72N1g.g2Coy 3654, that lies fletcherite (?) joining the other members of the
between the compositional limits sulphospinel group: linnaeite and siegenite at Sasca

for fletcherite expresed by Cuy 3Niyo1Cops4Feq0sSa
and Cuge7Niz 11 CogsiFeno1Ss  (Kostov, Minéeva-
Stefanova, 1981). Supposing that cobalt appears both

Montand, greigite alt Gilort and Jitia, violarite at
Valsan (Udubasa et al., 1992), as yet identified in Ro-
mania.
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Plate

Fig. 1 — Optical micrograph of polished section, N |
¢) chalcopyrite.

, X 260. a) carrollite, b) ferro-zincian tetrahedrite,

Fig. 2 — Composition image (electron reflectivity contrast according to atomic number) recorded with a scan-
ning electron microscope x 260. a) carrollite, b) ferro-zincian tetrahedrite, ¢) chalcopyrite.

Fig. 3 — X-ray distribution image for emitted Co - Ko x 260.
Fig. 4 — X-ray distribution image for emitted Ni - Ke x 260.
Fig. 5 — X-ray distribution image for emitted Cu — Kea x 260.

Fig. 6 — X-ray distribution image for emitted Fe - Ke x 260.
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shape. X-ray data. South Carpathians. Apuseni Mountains. Romania.

Abstract: We describe here the mineralogy of some Alpine veins found in the Danubian
Realm of the South Carpathians (Retezat, Godeanu and Valcan Mts), as well as in the
NW part of the Apuseni Mountains, i.e. in the Plopig (Rez) Mts. The investigated veins,
ranging in width from 1 to 20 cm, are mostly filled up, but lenticular geodes within
them exhibit perfectly shaped millimetric to centimetric erystals and very interesting
assemblages of minerals. The following parageneses were identified: (1) quartz + albite
+ calcite in laminated granitoids of the Lainici-P#iug Group (Retezat Mts); (2) quartz
+epidote + chlorite in amphibolites of the Drigsan Group (Vaican Mts); (3) quartz +
albite + calcite + chlorite in anchimetamorphic sandstones of the Poiana M&rului Unit
(Godeanu Mts.); (4) quartz + adularia + muscovite; (5) quartz + albite + muscovite +
limonite (pseudomorphs after siderite) and (6) quartz + albite + feroan clinochlore +

rutile, the latest ones in migmatized gneisses of the Someg Group (Plopig Mts).

Introduction. Alpine veins are a particular type
of veins which generally cross-cut the schistosity or
the sedimentary stratification of the host rocks. They
are more common in metamorphic rocks, the larger
ones being described from the Swiss, German, French,
Italian and Austrian Alps (Niggl, 1940; Poty, 1969;
Weninger, 1974), but also from the Bohemian Massif
(Koller et al., 1978), as well as from Ural (Grigoriev,
1960). The Alpine veins are a product of dissolution
and recrystallisation of minerals from the wall rock by
late hydrothermal metamorphic solutions, their walls
being covered with very well crystallised minerals that
are found also in the host rocks. Up to now Alpine
veins were mentioned in Romania only in the paper of
Constantinescu & Sabiu (1984), which describe para-
geneses with feldspars, quartz, chlorites, actinolite, py-
rophyllite, muscovite, paragonite, epidote, chloritoid,
calcite and hematite in gneisses, amphibolites and py-
rophyllitic schists of the Parang and Fagirag Moun-
tains (South Carpathians).

This paper deals with the description of some new
occurrences of Alpine veins found in the Retezat,
Valcan and Godeanu Mts in the Central South
Carpathians, as well as in the Plopis (Rez) Mts in the
NW part of the Apuseni Mts (Fig. 1).

P "\L
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Description of occurrences and parageneses,
The investigated veins were grouped geographically
and according to their parageneses in 6 types.

(1) The paragenesis quartz -+ albite + calcite was
found in veins crossing mylonitised plagiogranitoids of
the Lainici-Paiug Group (Upper Precambrian) crop-
ping out in the upper basin of the Sterminos Valley, a
left tributary of the Jiul de Vest River, north of Uri-
cani, in the Retezat Mts (Fig. la). The veins are
usually very narrow and filled up with massive quartz,
but in places they contain small crevices - up to 2 em
in width - filled with very nice quartz and albite crys-
tals. Both mineral species are small in size (up to 1
cm).

The quartz crystals are very pure, colourless and
perfectly transparent, of the Dauphiné-type habit
(Rykart, 1989). They are built up of dominant (1010)
prism, intermediary (1011) and (0111) rhombohedron,
as well as of subordinated and rare (1 121) and (2111)
trigonal bipyramid and (5161) or (6151) trapezohedron
faces (Fig. 2a).

Albite appears as colourless, transparent, idiomor-
phic tabular crystals (albite type habit) having very
well developed (010) brachypinacoid faces striated par-
allel to the ¢ axis, and intermediary (001), (101), 110),

Institutul Geologic al Romaniei
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Fig. 1 - Localisation of the investigated Alpine veins.
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Imm

Fig. 2 Crystal shape of minerals from the Alpine veins
in Sterminos Valley: a, quartz with bipyramid and left
trapezohedron faces; b, twinned albite with striated (010)

face.

(130) and (021) faces, and is always twinned after the
albite law (Fig. 2b and Plate, Fig. 1).

Quartz and albite crystallised simultaneously, both
quartz overgrowing albite and the reverse situation be-
ing common. Calcite, when present, is always the lat-
est phase, filling the spaces between albite and quartz.
It is milky- white, xenomorphic with distinct cleavage.

(2) The paragenesis quartz + epidote + chlorite was
found in a sole occurrence in retromorphosed amphibo-
lites of the Dragsan Group (Upper Precambrian) which
crop out on the Valea Boului, a right tributary of the
Jiul de Vest River, east of Uricani, in the Valcan Mts
(Fig. la). The shape of the veins is sigmoidal, charac-
teristic of the so-called "shear-veins” (= "Scherkluft”,
Mullis, 1991).

The quartz crystals are larger than those in the for-
mer occurrence (1 to 2.5 ¢cm), have a short-prismatic
habit, with equally developed prism and rhombohe-
dron faces. They are asymmetrically developed and
display a greenish- brownish colour. The colour is due
to minute lamellar inclusions of chlorite which also di-
minish the crystals transparency. In thin sections one
can see very nice helmintic aggregates of chlorite con-
centrated mainly in the outer zone of the quartz crys-
tals.

Epidote is present as very thin grayish-green crys-
tals (up to 6 mm long and 0.3 mm in diameter) ar-
ranged in drusy aggregates which cover the walls of
the vein, and which are partly overgrown by the larger
and younger quartz crystals. Due to the very small size
of the crystals no clear faces could be identified. The
X-ray diffraction lines of epidote are shown in Table 1.

(3) The paragenesis quartz + albite + chlorite + cal-
cite was found in anchimetamorphic metagraywackes,
of Jurassic age, in the Poiana Marului Unit of the
Danubian Realm (Fig. 1a). These metagraywackes

Table 1
X-ray data for epidote from Valea Boului,
Vilcan Mts

Refl. Epidote, Epidote, JCPDS
no. Valea Boului file no. 9-438
d/n 1 d/n 1
7.060 14 T.020 3
2 5.020 22 5.018 40
3 | 4.020 22 3.997 40
4 3.485 30 3.492 40
5 3.206 6 3,197 15
6 2.897 100 2.900 100
7| 2812 14 2.809 50
8 | 2.687 27T | BABTT 60
9 2.599 i8 2.593 55
10 | 2.531 9 2.525 10
: B & 2.454 5 2.449 T
12 2.401 90 | 2.396 70
13 | 2:291 9 2.289 25
14 2.165 9 | 2.161 25
15 2027 11 2,110 40
16 1.880 14 1.8649 60
17 [.636 36 1.635 GH
13 1.588 9 1.5490 11
19 1.577 14 1.574 13
20 L1.541 14 1.539 13

are cross-cut in the Branu Valley, a left tributary of the
Lapusnicu Mare River (Godeanu Mts), by up to 20 cm
wide veins, most of them filled up with calcite. In some
sectors of these veins where calcite is lacking, the walls
are covered by millimetric (up to 1 cm) idiomorphic
crystals of quartz and albite.

Fig. 3 — Shape of albite crystals
from Branu Valley.

While quartz has the same characteristics as those
mentioned for paragenesis (1), albite is colourless
to milky-white and has a characteristic rhombic-
truncated tabular habit due to the equal develop-
ment of the intermediary (001) and (101) faces be-
sides the dominant brachypinacoid (010) and the sub-
ordinated (110) faces (Fig. 3, and Plate, Fig. 2).
As in paragenesis (1) all albite crystals appear as
twins after the albite law made up of two individuals.
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The X-ray diffraction data of albite from this occur-
rence are presented in Table 2.

Table 2
X-ray diffraction data for albites from Alpine veins in
Romania

Refl. | Albite-type ab. | Pericline-type ab. Low-tenip.
no. Branu Valley, Valea Vrijitorului, albite

Godeanu Mts. Plopig Mts. ASTM 9-446

d/n I d/n Il d/n I

1 6.360 20 6.370 6 | 6.390 20
2 | 4.020 25 T 4.029 8 | 4.030
3 | 3.840 10 3.857 4 | 3.857 7
4 | 3.770 40 3.770 18 | 3.780 25
5 inflection 3.684 20
6 | 3.660 25 3.668 10 | 3.663 15
7 | 3.490 8 3.501 3 | 3.509 10
8 | 3.360 8 3.358 6 | 3.375 7
9 | 3.196 100 3.196 100 | 3.196 100
10 | 3.097 2 3.151 9
11 2.950 10 2.964 5 | 2.964 9
12 | 2.920 16 2.932, 7] 2.933 15
13 | 2.846 9 2.853 B | 2.866 7
14 | 2.634 4 2.645 2 | 2.639 5
15 | 2.554 6 2.554 3 | 2.563 T
16 | 2.499 2 2.496 5
17 | 2.473 1 2.460 5
18 | 2.396 3 2.388 3
19 | 2.313 3 2.317 1 2.320 3
20 | 2.184 2 2.186 1| 2.189 3
21 2.120 4 2.124 4 | 2.125 7
22 | 1.975 4 1.979 1 1.980 3

* lines with intensities of 1 and 2 omitted.

Quartz and albite are the first erystallised phases,
while calcite (this time forming up to 1.5 cm rhom-
bohedral crystals) and chlorite (found as centimetric
nests made up of massive aggregates of light-green
colour hosted in calcite) are the latest ones.

(4) The paragenesis quartz + adularia + muscovite
was found in veins crossing migmatised gneisses of the
Somes Group in the Plopig Mts. The outcrops are
situated in the scarps of the Alesd-Padurea Neagra
road, on the left bank of the Ilia Valley, a left tributary
of the Bistra River (Fig. 1b). A distinct feature of this
zone is the intense limonitisation of the outcrops due
to oxidation of disseminated pyrite in the wall rock.

Quartz was found in up to 7 e¢m long crystals, of
the Tessin-type habit (Rykart, 1989), having rounded
hexagonal prism faces, due to the presence of steep
rhombohedrons. The crystals are translucent and al-
ways coated with limonite.

Adularia 1s present as minute (up to 1.5 mm in diam-
eter) milky-white crystals grown over the larger quartz
crystals.  They exhibit their characteristic ”pseu-
dorhombohedral ” habit, due to the equal development,
of the (110) prism and (101) pinacoid faces (Fig. 4 and

R.O. STRUSIEVICZ, D. POP

Plate, Fig. 6).

b

L 1mm

Fig. 4 - Shape of adularia
crystals from [lia Valley.

Muscovite forms scaly aggregates made up of pseu-
dohexagonal lamellae up to 4 mm in diameter. The
order of deposition of these minerals is muscovite-
quartz-adularia, but they clearly form a paragenesis.

(5) The paragenesis quartz + albite 4+ muscovite +
hematite + limonite (pseudomorph after siderite) was
found in the Bistra Valley, upstream of the confluence
with the Ilia Valley, not far from the site of (4), in
veins crossing paragneisses.

Quartz and albite in these veins are very small in
size, and are always coated with limonite. By far the
most interesting minerals in this paragenesis are the
hematite rosettes and the limonite pseudomorphs after
a carbonate mineral.

Hematite appears as specularite, i.e. as lamellar,
iron-black crystals (up to 4 mm in diameter), which
form scaly aggregates, or sometimes small (up to 1 ¢cm
in diameter) "iron roses” (Plate, Fig. 8). The crys-
tals are very friable and have a splendent submetallic
luster. :

Pseudomorphs of amorphous limonite after a car-
bonate mineral are very nice appearances in these
veins. The shapes of these pseudomorphs are typical
curved (saddle-shaped) rhombohedrons, which even
preserve the perfect rhombohedral cleavage lines on
the faces (Plate, Fig. 7). They are up to 8 mm in
diameter, have a reddish-brown colour, and a nearly
adamantine luster. Considering all these morphologi-
cal aspects as well as the Fe content of the pseudomor-
phosing mass, we assume that the initial mineral was
siderite or ankerite.

(6) The paragenesis quartz + albite + feroan
clinochlore + rutile was found in an alpine vein cross-
ing amphibolites of the Somes Group, north of Padurea
Neagra, in the Vrajitorului Brook (Fig. 1b). The vein,
not. wider than 4-15 em, contained some small geodes
with very good crystals.

Quartz appears as up 1 c¢m small crystals, milky-
white, with no good terminal faces (Plate, Fig. 3
and 4).
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Albite is of the pericline-type habitus, the up to 5
mm pearly- white, non-transparent crystals, elongated
parallel to the b-axis showing the faces (001), (110),
(110), (101) and (010), the latter being subordinated
and having striae parallel to the c-axis (Fig. 5 and
Plate, Fig. 3). The X-ray diffraction lines of albite are
shown in Table 2.

e

imm

Fig. 5 - Pericline-type albite

from Valea Vrdjitorului.

Clinochlore (the feroan variety ripidolite) forms 2
to 3 mum radial aggregates made up of very thin six-
sided lamellae. These aggregates are partly included
in the outer zone of the quartz crystals, but they are
more often grown over albite (Plate, Fig. 3 and 4).
Ripidolite is dark-green with pearly luster and perfect
basal cleavage. The X-ray diffraction lines are shown
in Table 3.

Table 3
X-ray diffraction data for ripidolite from Alpine veins in
Romania

Refl.

V. Vrdjitorului, Parang Mts. ASTM card No.

no, Plopig Mts. {Constantinescu, 7-76*
(this paper) SEbidu, 1984) (Isere, France)
d/n Il d/n 1 d/n 1
1 14.100 20 | 14.10 40 | 14.100 80
2 T7.070 70 7.08 100 7.070 100
3 4.741 30 4.71 10 4.724 30
4 3.553 100 3.54 20 3.537 50
5 2.832 25 2.82 10 2.827 10
6 2.600 1 2.59 10 2.599 20
7 2.560 1 2.54 10 2.556 30
8 2.450 1 2,45 15 2.450 30
9 2.390 1 2.38 10 2.389 20
10 2.260 1 2.25 10 2.265 10
11 2.022 6 2.00 15 2.009 20
12 1.877 1 1.888 10
13 1.568 2 1.566 10

* 6 reflexes between 4.620 and 1.665 with intensities 5 omitted.

Rutile is rare in the studied samples. The crystals
are acicular, very thin (max. 0.4 mm), and up to 4 mm
long. They appear as diverging aggregates, mostly in-
cluded in quartz, but also as free crystals. In only one
case a free tabular sagenite aggregate was enconntered

(Plate, Fig. 5). This might be interpreted as a rutile
paramorph after brookite.

The mineral content of the investi-
gated Alpine veins is clearly dependent of the min-
eral composition of the host rock, i.e., veins crossing
gneisses or metagraywackes contain parageneses with
quartz, albite, adularia, muscovite, while veins in ba-
sic rocks are characterised by the presence of epidote,
chlorite, rutile besides quartz and feldspars. The gen-
esis of Alpine veins implies two phases: (1) dissolu-
tion of minerals from the host rock by hydrothermal
solutions and (2) crystallising of minerals in shear or
tension fissures of the host rock, due to uplifting. It is
presumed that quartz, one of the most comumon min-
erals in Alpine veins, is dissolved by late hydrothermal
metamorphic solutions, at 4-500" €' and pressures of
3-3.3 kbars, that is at depths of 12-14 km, in green-
schist metamorphic conditions (Mullis, 1991). Fluid
inclusion studies (Poty et al., 1974) demonstrated the
existence of at least three temperature dependent par-
ageneses 10 Alpine veins of the Alps:

(1) quartz + albite 4 chlorite 4+ muscovite + epi-
dote + (biotite 4+ ilmenite + titanite ) - formed at
temperatures of 400 to 370" C;

(I1) quartz + rutile + siderite 4+ (phengite) - formed
at temperatures of 300° C, and,

(III) quartz + calcite + goethite - formed at tem-
peratures below 300° C.

According to these data the parageneses investigated
by us are all of high temperature (1). A special case
is represented by the paragenesis (5) where the pres-
ence of limonite pseudomorphs after siderite pleads for
the existence of three superposed stages, siderite being
characteristic of intermediary temperatures (II), while
limonite which is replacing it is a typical low temper-
ature product (I1I). In fact (5) 1s better delined as a
"mineral association” (Udubasga, 1993).

Comments.
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Plate

Fig. 1 — Tabular albite from Sterminos Valley, Retezat Mts.

Fig. 2 — "Rhombic-truncated” tabular albite from Branu Valley, Godeanu Mts.

Fig. 3-4 — Pericline-type albite, quartz and ferhoa.n clinochlore (ripidolite) from \-"a.lea. Vrgjitorului, Plopis
© Mts.

Fig. 5 — Lamellar aggregate of rutile needles (sagenite) from Valea Vrijitorului, Plopis Mts.

Fig. 6 — Minute adularia crystals grown over quartz from Ilia Valley, Plopis Mts.

Fig. 7 — Quartz associated with limonite pseudomorphs after siderite from Bistra Valley, Plopis Mts.

Fig.8 — Hematite "iron rose” from Bistra Valley, Plopig Mis.
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A BRIEF SURVEY OF THE DEVELOPMENT OF MINERALOGY
IN NEW ZEALAND!

David SHELLEY

Geology Department, University of Canterbury, Christchurch, New Zealand

(Compiled in 1994)

1. Introduction

New Zealand was systematically settled by Euro-
peans from about 1840 onwards, although first con-
tacts between the indigenous Maori population and
Buropeans go back to 1642. Before this, the Maoris
had occupied New Zealand for less than 1000 years,
and not having developed a metal culture, made lit-
tle use of minerals; however, some materials such as
" nephrite, serpentine, obsidian and chert, were particu-
larly sought by them for use as stone implements and
ornaments, and the minerals hematite and vivianite
sought as pigments. Further information, including a
list. of Maori names for various rocks and minerals, is
given in Fleming (1959) and also Keyes (1974).

Following European settlement, the need for sys-
tematic geological surveying was quickly appreciated.
Already by 1850, Mantell had produced a geological
sketch map of part of the South Island, and in 1861
James Hector was appointed by the Provincial Gov-
ermnment of Otago to set up a Geological Survey. Hec-
tor arrived in April 1862 and undertock extensive ex-
ploratory expeditions and produced a large map. In
1863, Ferdinand van Hochstetter presented his * Geolo-
gie von Neu-Seeland” (translated by Fleming, 1959);
this was the result of the first regional geological sur-
vey of New Zealand in 1858-59, and the work included
some of the earliest geological maps of New Zealand.
In 1865, Hector moved to Wellington to set up what
became the NZ Geological Survey, and he took with
him from Otago his rock and mineral analyst W. Skey.
In its first century of existence, the Geological Sur-
vey produced geological maps of much of the coun-
try, and its work culminated in the production of the

!Publication of the International Mineralogical Association
(IMA), Commission on History and Teaching.

nation-wide 1:250,000 geological maps of the 1960’s.
This series is presently undergoing a major revision by
the Survey’s successor, the Institute of Geological and
Nuclear Sciences. The Institute also publishes numer-
ous 1:50,000 and 1:63,360 scale geological maps, but
as yet the entire country has not been mapped in this
detail.

Universities were established in the four principal
New Zealand cities before the close of the century
(Otago University, Dunedin, 1869; Canterbury Univer-
sity, Christchurch, 1873; Auckland University, 1882;
Victoria University, Wellington, 1897). The needs
of agriculture led to the early foundation of Lincoln
College (1878) near Christchurch. Further develop-
ments include the establishment of Massey Agricul-
tural College at Palmerston North in 1926 (which be-
came Massey University of the Manawatu in 1964) and
the University of Waikato in Hamilton in 1963.

At the present time, the principal centers of miner-
alogical research and/or teaching in New Zealand (see
appended map for localities) are as follows:

- Institute of Geological and Nuclear Sciences, P.O.
Box 30368, Lower Hutt.

- N.Z. Oceanographic Institute, P.O. Box 14901,
Wellington.

- Landcare Research New Zealand, P.O. Box 40,
Lincoln.

- Department of Geology, University of Auckland,
Private Bag 92019, Auckland.

— Department of Earth Sciences,
Waikato, Private Bag 3105, Hamilton. .

- Department of Soil Science, Massey University,
Private Bag 11222, Palmerston North.

~ Department of Geology, Victoria University, P.O.
Box 600, Wellington.

— Department of Geology, Canterbury University,

University of
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Private Bag 4800, Christchurch.

— Department of Soil Science, Lincoln University,
P.O. Box 94, Lincoln, Canterbury.

- Department of Geology, Otago University, P.O.
Box 56, Dunedin.

2. Number of workers in mineralogy in New
Zealand

Most New Zealand workers in mineralogy think of
themselves as petrologist, geologists, soil-scientists,
geochemists, etc., rather than as mineralogists. The
national organisation of mineralogists is the Mineralog-
ical Society of New Zealand which succeeds the loosely
structured "New Zealand Mineralogical Group”. One
principal aim is to maintain contact with the TMA.
There 1s no separate department of mineralogy in any
of the universities or in the Institute of Geological and
Nuclear Sciences and a precise count of workers is vir-
tually impossible.

For the first hundred years following systematic Eu-
ropean settlement, mineralogists at any one time num-
bered less than 10. At present there are 40-50 scientists
who in the course of their work are seriously involved
in mineralogy.

Important events leading to an expansion in.min-
cralogical studies include (a) formation of a separate
petrology section in the N.Z. Geological Survey in
1938, (b) clay mineral studies expanded at Massey,
Lincoln, and in the Soil Bureau from about 1950 on-
wards, (c¢) geothermal power exploration and develop-
ment from the 1950’s onwards, (d) a general expansion
of the universities in the 1960°s, {e) renewed interest
in exploration for and utilisation of indigenous miner-
als, especially from the late 1960, (f) recognition of
the potential economic importance of the seas around
New Zealand leading to increased oceanographic stud-
ies, especially from the 1960°s onwards,

3. Training programmes in New Zealand

The universities in Auckland, Hamilton, Palmerston
North, Wellington, Christchurch and Dunedin, pro-
vide substantial mineralogical training as part of un-
dergraduate courses in geology and the earth-sciences.

Clay mineral studies form a part of soil-science courses

at Massey University and Lincoln University. All these
institutions offer research opportunities in mineralogi-
cal fields leading to the Ph.D. degree. It can be noted
again, however, that most N.Z. mineralogists teach or
engage in research in the subject in the broader con-
text of geology, soil-science, etc.

D. SHELLEY

Universities and Research Institutes in New Zealand
operate or have ready access to a wide range of mod-
ern microscopic, chemical, X-ray, and other analytical
equipment. Electron microprobes are operational in
the universities in Auckland Wellington and Dunedin.
Scanning electron microscopes, some with energy dis-
persive attachments, are housed in the universities
in Auckland, Hamilton. Wellington, Christchurch and
Dunedin, and also in the Institute of Geological & Nu-
clear Sciences. Although transmission electron micro-
probes are available, equipment to study dislocations
in ultra-thin silicate sections is not.

Three mineralogy texts for students have been writ-
ten by New Zealanders: Battey (1972 and 1981);
Berry, Mason, and Deitrich {1959 and 1983); and Shel-
ley (1975 and 1985). Mason is domiciled in the USA
but in retirement spends the Northern Hemisphere
winters in New Zealand.

4, Minerals and rocks first described from
New Zealand

Localities referred to below are marked on the ap-
pended map of New Zealand.

Taranakite
Ks[Ala_y(Hz), (OH)2[Al Py . (Hz)-Oy0]

First described by Hector and Skey (1866) in thin
seams in andesite in Taranaki, and ascribed to the ac-
tion of solutions on guano.

Awaruite NizFe

First described by Skey (1886 and 1867), first found
in alluvial sands of the Gorge River (not Awarua Bay
as commonly believed), and later in parent serpenti-
nite rock. Conflusion over the original locality for this
mineral has been discussed recently by Rodgers and
Hey (1980).

Tuhualite (Na,K)a(Fe?*)2Si;9030H20

First described by Marshall (1932 and 1936), and
found in comendite (peralkaline rhyolite) from Mayor
Island (Maori name - Tuhua).

Hydrogrossular CagAlySis03(S104) 1 —m (OH)4m

First described by Hutton (1943), and found as a
prominent constituent of rodingite, a rock also first
named from New Zealand.

Huttonite ThSiO,4

First described by Pabst (1950) and Pabst and Hut-
ton (1951), and found in beach sands in South West-
land.

__W,Qim_l'_\_i_!a_f_’_ CELAIQSL;OQ‘ZHQO

First described by Steiner (1955), and found in
pores, cavities, and veinlets, and replacing feldspar
in hydrothermally altered voleanics from Wairakei
geothermal development cores.

Wairauite CoFe
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First named by Challis and Long (1964}, and found
as grains in serpentinite in the Wairau Valley.

Akatoreite (]\’Ill,Fe.3'{g.ca)98i7_75Alj_ugozs_g(OH}g_s

Pirst named by Read and Reay (1971), and found
in low-grade metacherts on the coast of the South Is-
land 32 kin south-west of Dunedin. Named from the
locality.

Motukoreaite
Nah’[glgAln(COs)sg(SOgl)4(0H}5428H20

First named by Rodgers, Chisholm, Davis and Nel-
son (1977), and found as a cement in beach-rock and
basaltic tuffs on Brown's Island (Maori name - Mo-
tukorea), Auckland.

Feruvite Cales (Al Mg)s(BO3)3Si6015(0H )4

First named by Grice and Robinson (1989), and
found in pegmatitic tourmalinized rocks on Cuvier Is-
land, near the Coromandel Peninsula., The name de-
rives from the fact the mineral 1s the Fe analogue of
uvite.

Coombsite K(Mn,Mg);3(Si,Al)15042(0OH) 4

First named by Sameshima and Kawachi (1991}, and
found in Mn-rich siliceous rocks within the prehnite-
pumpellyite facies Caples Terrane rocks at Watsons
Beach, S. of Dunedin. The name is for Douglas S.
Coombs, Emeritus Professor of Geology at Otago Uni-
versity.

The best known rock names originating in New
Zealand are dunite, ignimbrite and rodingite.
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mineral occurrences in New Zealand as known at the time
of publication in 1927.

- Railton, G.T., Watters, W.A. (1990) Minerals of New
Zealand, NZ Geol. Surv. Bulletin 104, is an alphabetical
check list of minerals recorded from New Zealand up to
1990.

~ N.Z. Journal of Geology and Geophysics, 1965, volume
8, no. 6, which is a special issue to celebrate and record the
centenary of the N.Z. Geological Survey. Of particular in-
terest is the article (p. 999-1087) by JJ. Reed: "Mineralogy
and Petrology in the N.Z. Geological Survey, 1865-1965”
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= The book by G.J. Williams " Economic Geology of New
Zealand” 2nd Edition, 1974, published by the Australasian
Institute of Mining and Metallurgy, which is a comprehen-
sive account of the occurrence and utilisation of economic
minerals in New Zealand, and contains much interesting
historical information.

- Volume 4 of the UN Atlas of Mineral Resources of the
ESCAP Region provides a summary of the distribution of
mineral deposits in New Zealand.

— B.N. Brothers (ed.). 1983. University of Auckland.
History of Geology 1883-1983. Kingsland Maxwell Printing
Auckland.

D. SHELLEY

- The Geological Society of N7 Newsletters (from no.
55 1982 Lo the present) contain various obituaries, reminis-
cences, and a series of articles on the development of ideas
in NZ geology with miscellaneous snippets of mineralogical
interest.

- The Historical Studies Special Interest Group of
the Geological Society also publishes a separate series of
newsletters on the development of geology in NZ.

™
MOTUKOREAITE o % FERUVITE
Aucklond sx
x TUHUALITE
e Homilton
TASMAN SEA % WAIRAKITE

X TARAMNAKITE

Palmerston
® North
N FYDROGROSSULAR
: xeNelson' s Lower Hutt
WAIRAUITE X Wellington
i
// L Christchurch
X AWARUITE
PACIFIC OCEAN
AKATOREITE (~ Ounedin
COOMBSITE
0 100  200km
L i W

P

W/ \l Institutul Geologic al Romaniei
IGR



Rom. J. Mineralogy, 1995, 77, p. T1-74, Bucuresti

IN MEMORIAM:

Dr. ing. CAIUS 1. SUPERCEANU
1925-1985

Dr. ing. CaiusI. Superceanu s-a nascut la data de 10
aprilie 1925 in municipiul Timisoara, ca fiu al lui loan
Superceanu, profesor de limba romani si al Mariei Su-
perceanu. Scoala primari gi liceul le-a absolvit in pe-
rioada 1931-1943 la actualul Colegiu Diaconovici Loga
din Timigoara.

Pasiunea pentru stiintele geologice, si in special pen-
tru cele chimico-mineralogice a aparut incd din pe-
rioada liceului, cand tinirul elev Caius Superceanu a
materializat aceastd pasiune, de care si-a legat toata
viata, prin infiin{area unui laborator de chimie in casa
bunicilor de la Sasca Montana.

In perioada care a urmat de la terminarea liceu-
lui, a fost student intre anii 1943-1948 la Scoala Po-
litehnici din Bucuresti, Facultatea de Chimie. Inci din
anul III de facultate a fost remarcat de Academicianul
Alexandru Codarcea pentru activitatea stiintifici si
cunogtintele pe care le avea dobindite despre geolo-
gia si mineralogia Banatului. In anul 1946 a fost nu-
mit preparator la catedra de mineralogie, care era con-
dusa de distinsul academician. Diploma de inginer cu
mentiunea "Magna Cum Laude” a fost obtinuta la 14
decembrie 1948. E

Intre anii 1948-1952 a functionat ca asistent la ca-
tedra de cristalografie - mineralogie a Facultatii de
Chimie Industriald din Timigoara si apol ca gef de
lucrari in cadrul Facultatii de Mine si Metalurgie din
Timigoara.

Din anul 1952 si pand in 1962 a fost seflul labora-
torului de analize chimice si mineralogice din cadrul
Institutulul de Cercetari Miniere din Bucuresti si apoi
a lucrat o perioadi scurta la Trustul de Prospectiuni si
Explorari Miniere din Bucuregti. Activitatea gtiintifica
prodigioasia pe care a efectuat-o in aceastd perioada
Caius Superceanu a fost materializatd prin elabo-
rarea unor studil si cercetiri despre unele zdciminte
din Romania. De asemenea, a pus in evidentd noi
ocurente mineralogice de columbit, beril, montebra-
sit, spodumen, molibdenit (in zdcamintele pegmatitice
din Carpatii de Sud), vezuvian, beril, wollastonit,
epidot, scheelit, tungstit (in z&ciamintele de skarn

“album ecolor cu

asociate magmatismului banatitic), safforit, breithaup-
tit, nichelind (in mineralizatiile cobaltifere legate de
complexul de roci ultrabazice din Banatul de Sud).

Din anul 1962 revine la Timigoara ca lector la dis-
ciplina de geologie de la Facultatea de Stiintele Na-
turii din cadrul Institutului Pedagogic, ulterior Uni-
versitatea din Timisoara.

Cu gandul de a crea o colectie mineralogici in cadrul
Universitatii din Timigoara, in mai putin de 8 ani de
la venirea sa la Facultatea de Stiintele Naturii a pus
in valoare o numeroasa colectie mineralogicé i petro-
grafici cu esantioane din zona Banatului si a Muntilor
Apuseni.

In anul 1970 editeazi sub egida Universitatii primul
minerale din Banat. Tot in anul
1970 sustine teza de doctorat intitulati "Studiul
chimico-mineralogic al zicimintelor de Cu-Mo-Re din
Romania”, tezd sustinutd in cadrul Facultatii de
Chimie Industriald din Timigoara.

Din anul 1982, odatd cu desfiinfarea Facultitii de
Stiintele Naturii, a trecut la Centrul de Seismologie al
Universitatii din Timigoara, unde a lucrat ca cercetitor
stiintific pani in anul 1984.

La 1 ianuarie 1985 s-a stins din viatd un om de
exceptie, dr. ing Caius Superceanu. Seriozitatea, loia-
litatea si respectul fatd de stiintd au fost unicele sale
indemnuri gi calitati, care l-au sust{inut in intreaga ac-
tivitate stiintifica 51 didactici. A murit cu gandul re-
gretulul etern ca toatd aceastd activitate gi experientd
stilntificd nu a avut sansa si fie mogtenita si valorifi-
cata de urmasi.

LUCRARI STIINTIFICE PUBLICATE
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Minelor, VI, 10. p. 341-371.

2. - (1955) Asupra chimismului scheelitelor.
Rev.de Chimie, 9, p. 483-486, Bucuresti.
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515-518.

(1967) Metallogenetische Provinzen Ru-
maniens. Zeil. fir angew. Geologie, 13, 2/67,

p. 27-65, Berlin.

~  (1967) Neue silberhaltige Bleierzvorkom-
men mit Flisspat Schwerspat im Poiana Rusci
Gebirge (Banat). Geologie, 16, 10, p. 1136-1144,
Berlin.

(,\l Institutul Geologic al Romaniei
IGR



31.

32.

33.

34.

35.

- (1967) Die Geosynklinal Lagerstattenpro-
vinzen Rumaniens. Geol Rundsch, 56, 3, p. 848-
972, Stuttgart.

Maieru, O., Superceanu, C., Apostoloiu, A.
(1968) Neue Spodumene und Beryllpegmatite
im mittleren siidkarpatischen Schiefergebirge
(Rumaénien). Geologie, 17, 4, p. 388-397, Berlin.

Superceanu, C. (1969) Die Kupfererzlagerstatte
von Sasca Montand im SW Banat und ihre
Stellung in dem alpidischen ostmittelmeerischen
Kupfer-Molybdan-Erzgiirtel. Geol. Rundsch, 58,
3, p.7T98-861, Stuttgart.

- (1970) Pyrometasomatic copper ore deposits
(Kamaishi type) of Sasca Montand Stindpari (Ba-
nat). IMA IAGOD Meetings, Collected Ab-
stracts, p. 278 , Tokyo.

- (1970) The Eastern Mediterranean - Iranian
alpine copper-molybdenum Belt. IMA - IAGOD
Meetings, Collected Abstracts, p. 279, Tokyo.

36.

37.

38.

39.

40.

73

— (1970) Minerale din Banat (album), Litogr.
Univ. din Timigoara,

~  (1972) Typomorphe Mineralparagenesen
und Zonierung in den laramischen Kontaktlager-
statten der Banater Metall Provinz, Freiberger
Forschungshefte, 288, p. 37-72, Freiberg.

- (1975) Die Kupfer- Molybdanvererzungen
der Clementis-Grube im Kontaktgebiet von Orav-
itza/Banat. Miner Deposila, 10, 4, p. 305-314,
Berlin.

- (1983) Metallogenetic province of Banat
and its plate - tectonic position in the Balkan
Peninsula. Acla Mineralog.- Petrograph., XXVI-1,
p. 99-108, Szeged.

- (1984) Die Metallogenese im Almascher
Grundgebirge (Sud Banat, Rumanien). Zbl. Geol.
Paleont.. 1, 7/8, p.1068-1100, Stuttgart.

[ulin Bobos
Universitatea Tehnica
Timigoara

4 \l Institutul Geologic al Romaniei
IGR



AR Institutul Geologic al Roméniei

\ee/



Rom. J. Mineralogy, 1995, 77, p. 75-80, Bucuresti

NEW MINERALS
RECENTLY APPROVED

(1992)

BY THE
COMMISSION ON
NEW MINERALS AND MINERAL NAMES

International Mineralogical Association

The information given here is provided by the Commission on
New Minerals and Mineral Names, 1. M. A. for comparative pur-
poses and as a service to mineralogists working on new species.

Each mineral is described in the following format:

Chemical Formula

IMA No. (any relationship to other minerals)
Crystal system, space group unit cell parameters
Color; luster; diaphaneity.

Optical properties.

Strongest lines in the X-ray powder diffraction pattern, .

The names of these approved species are considered confiden-
tial information until the authors have published their descrip-

tions or released information themselves,

NO OTHER INFORMATION WILL BE
RELEASED BY THE COMMISSION

J. A. Mandarino, Chairman
Commision on New Minerals and Mineral Names

International Mineralogical Association

1992 PROPOSALS

FeZr(PO4)2-4H20
IMA No. 92-001
Monoclinic: P2y /¢
a9.12 bs542 c1917A [394.8°
Pale yellowish white; vitreous to dull; transparent.
Biaxial (4), o 1.644, 3 1.652, v 1.652, 2V (meas.) 0°, 2V (calc.)0°

9.58(75), 4.572(65), 4.382(80), 4.092(60), 3.160(100), 2.640(70).

Bi,O(OH), 504
IMA No. 92-002
Monoclinic: P2y /e
a 7.700 b 13.839 ¢ 5.686 A

Colorless; adamantine; transparent.

3 109.11°

Biaxial, indices of refraction calculated from reflectance data at
589nm: Ry 1.91, Ry 1.99. 3.644(60), 3.466(60), 3206(100),
2.924(70), 2.782(50), 1.984(90).

SbySes

IMA No. 92-003 The selenium analog of stibnite.

Orthorhombic: Phnm
a 11.593 b 11.747

Black; metallic; opacue,

c3.984 E

In reflected light: white, distinct anisotropism, distinct bire-
flectance, pleochroic white to grayish white. Ripaz & Ronen:
(42.62, 40.55 %) 470 nm, (41.95, 39,02 %) 546 nm, (41.23,
39.42 %) 589 nm, (44.39, 41.56 %) 650 nm.

3.70(70), 3.17(50), 2.870(100), 2.625(60), 1.930(30), 1.764(35).

I\Jg[.fJ'Og[A.‘IOa )2 (As0;4 ]1__,,-]2 - TH20 x about 2/3
IMA No. 92-005
Monoclinic: C2/m
a 18.194 b 7.071
Bright yellow to straw-yellow; vitreous; transparent.
Biaxial (<), o 1.610, 8 1.730, 4 1.740, 2V (meas.) 34°, 2V (calc.)
30%. 9.02(100), 4.90(40), 4.48(80). 4.00(40), 3.53(40), 3.28(50),
3.01(60), 2.849(60).

cB.6T0A F99.700°

Nis(COa)4(OH)2 -4 - 5H20
IMA No. 92-006 The nickel-analog of hydromagnesite.
Monoclinic: P2y /¢

a 10.06 b 8.75

c832 A 411430
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Bluish green; silky; transparent.

Biaxial (sign unknown), o’ 1.630, 4" 1.640, 2V unknown.

6.30(5), 5.75(10), 4.36(4), 4.14(3), 2.871(4b), 2.458(2b),
2.120(3).

NaH(CO:)H:(BOs) - 2H,0
IMA No. 92-008
Monoclinic: C2

a16.119 b 6.928 c¢6.730 A
Colorless; vitreous; transparent.
Biaxial (), o 1.351 (calc.), 8 1.459, ~ 1.486, 2V (meas.) 50°.
6.36(25), 4.203(6), 3.464(100), 3.173(59), 2.608(5), 1.731(19).

A 100.46°

Ca.ngsOsa[OH)quh <13H.0

IMA No. 92-010 A triclinic polymorph of 92-011.

Triclinic: P1
a 12.759
v 85.68°

Colorless to very pale yellow; vitreous; translucent to transpa-
rent. Biaxial (+).a 1.537, 4 1.548, ~ 1.570, 2V (meas.) 77°,
2V(cale.) 719,

9.21 (70), 7.69(100), 5.74 (60), 4.63 (40), 3.845 (35), 2.199 (30b),
3.768(30), 3.493(30).

b 13.060 ¢9.733 A o 102.14° 3 103.03°

Cag B2 034 (OH )24 Cly - 13H,0

IMA No. 92-011 A monoclinic polymorph of 92-010.

Triclinic: P2,
al19.88 b 9715 17551 A 3 114.85°

Colorless to very pale yellow; vitreous; translucent to transpa-
rent. Biaxial (+), o 1.542, 3 1.545, v 1.565, 2V (meas.) 479,
2V (cale.) 43°.

9.03(60), 8.56(100), 6.62(70), 6.14(30b), 5.12(30), 4.09(30),
3.768(30), 3.493(30).

Caz(CaMn)(SiOs0H)3(OH)s

IMA No. 92-012

Orthorhombic: Pbca
a 9398 b9139 c10.535 4

Colorless; vitreous; transparent.

Biaxial (4), e 1.634, 3 1.640, v 1.656, 2V (meas.) 657, 2V (calc.)
63",

4.18(45), 3.231(100), 2.846(42), 2.789(35), 2.391(42), 2.042(28).

BiaO(OH)( POy )

IMA No. 92-013 The phosphate analog of preisingerite and
schumacherite.

Triclinic: P
a 9.798
v 110.70°

White to pale pink, sometimes brown; vitreous; transparent to

b 7.250 c¢6.866 A o 88.28° 3115.27°

translucent.

Mean index of refraction estimated from reflectance data: 2.01
at 589 nm.

4.437(46), 3.247(87), 3.188(100), 3.135(95), 3.026(75),
2.953(47), 2.165(41).

Na,Ca,Cu.(Myg, Fe:H" Al)s(AsO4 )
X ~0.76, y ~ 0.42, 2 ~ 0.39
IMA No. 92-014
Monoclinic: C2/c¢
a11.882 b12.760 c6.647 A
Light blue; vitreous; translucent.
Biaxial (+), o 1.714, £ 1.744, ~ 1.783, 2V(meas.) 60°, 2V (calc.)
849,
4.35(40), 4.06(50), 3.56(40), 3.053(40), 3.495(60), 3.066(40),
2.744(140), 2.605(40).

A112.81°

(Fe, Al)2(SO4)
IMA No, 92-015 The ferric analog of millosevichite.
Hexagonal: R3

a8l4 «c¢21.99 A
White to light brown; dull; transparent.
Uniaxial (sign unknown), n is between 1.555 and 1.625.
5.99(28), 4.35(23), 3.56(100), 2.97(20), 2.72(20), 2.64(11).

Mns(PO4)2(OH)s
IMA No. 92-016 The phosphate analog of arsenoclasite.
Orthorhombic: P2;212)
a9.097 b5.693 c18.00 A
Pale yellow, yvellow, pale burnt orange; adamantine; transparent.
Biaxial (sing unknown), o' 1.74, +" 1.76, 2V unknown.
2.900(100), 2.853(70), 2.802(50), 2.702(30), 2.022(15),
1.608(15).

C’ﬂ.g('rf, FB‘2+ F63+ }2{51', F63+ }30]-_)

IMA No. 92-017 A member of the garnel group.

Cubic: Iadd
a 12,162 A

Black; adamantine; opaque.

Isotropic, w 1.955,

3.039(72)..2.720(100), 2.483(51), 2.385(21), 1.973(24),
1.687(26), 1.626(56).

Cuz Y (AsO4 ) (WO ),

IMA No. 92-018

Tetragonal: [44/a
a 5135 33882 A

Creamy yellow; vitreous to adamantine; translucent.

Uniaxial (+). w 1.874, = 1.918.

4.674(18), 3.059(100), 2.571(19), 1.901(32). 1.818(16),
1.674(17), 1.562(32).
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CisHio
IMA No. 92-019
Monoclinic: P2,
a 8392 b6.181 ¢9.558 AjJ 98.48°
Celorless to grayish-white; vitreous to waxy; transparent.
Biaxial (4+), nynin, 1.750maxr, 1.95, 2V (meas.) 90°,
9.434(100), 4.941(11), 4.724(11), 4.546(5), 4.028(13), 3.371(10).

(Na, K)(Ca, Na)z(Mg, Fe*t, Fe*t )5 51500 (F,0H,0)2

IMA No. 92-020 A member of the amphibole group.

Moneclinic: C2/m
a9.762 b 17.888 c¢5.122 4 F102.25°

Blue green and green; vitreous; transparent.

Biaxial (~), & 1.618, @ 1.624, v 1.627, 2V(meas.) 719, 2V (calc.)
70°.

9.9(70), 3.69(60), 3.34(100),
1.88(90), 1.439(60).

3.18(60), 3.13(90), 2.82(70),

C‘H,szO.;

IMA No. 92-024

Tetragonal: P4/ncc

a8511 c58234
Black; metallic; opaque.

In reflected light: gray, weak anisotropism, weak but distinct
bireflectance, pleochroic gray with a faint bluish tint and
brownish gray. Rmar & Rmin: (21.1, 19.0 %) 482 nm,
(20.2, 18.0 %) 545 nm, (19.7, 17.6 %) 589 nm, (19.5,
17.3 %) 659 nm.

4.26(17), 3.191 (100), 2.913 (16), 2.695 (18), 1.947 (18).

C113T£O(§ ¥ .HQO
IMA No. 92-025
Cubic: P-lattice, space group unknown

a 9.555 A
Emerald green; adamantine; transparent to translucent.
Isotropic, w 2.01 calculated from reflectance values at 589 nm.
4.26(40). 2.763(100), 2.384(70), 1.873(40). 1.689(80), 1.440(60).

.'1’{1’14 :‘1(2(0[7’)]2(;03 + 3.”20

IMA No. 92-026 The -2H polytype of 92-027.

Hexagonal: P6;22
a 10985 <1510 4

Orange-brown, pale brown, pale blue, colorless; vitreous; trans-
parent.

Uniaxial (), w 1.587, £ 1.547,

7.53(100), 3.768(60), 2.578(50), 2.221{40), 1.856(40), 1.552(40).

ﬁ{'nqAIQ(OIJ}]ZCO:\ & 3})’30
IMA Ne. 92-027 The -3T polytype of 92--026.
Hexagonal (trigonal): P3;12 or P3212
a10.985 ¢ 2263 E
Orange-brown, pale brown; vitreous: transparent.
Uniaxial (-}, w 1.587, £ could not be measured.
7.55(100), 3.770(90), 2.670(70), 2.346(70), 1.973(60), 1.586(30),
1.662(30).
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Il’fg.;Afz{OH)wCO:s . 3HQO
IMA No. 92-028 The -2H polytype of 92-029.
Hexagonal: P6;22
a 10.571 ¢ 15.139 A
Orange-brown, pale brown; vitreous; transparent.
Uniaxial (+), w 1.533, £ 1.533.
7.63(100), 3.785(100), 2.603(15), 2.496(15), 2.341(15),
2.166(15), 1.991(15), 1.825(20}, 1.495(15).

Mgy Al (OH )12COs3 - 3H,0

IMA No., 92-029 The -3T polytype of 92-028.

Hexagonal (trigonal): P3;12 or P3512
a 10.558 ¢ 22.71 A

Yellow to pale yellow; vitreous; transparent.

Uniaxial (+ or -}, w 1.533, ¢ 1.533.

T.57(100), 3.778(90), 2.570(40), 2.281(40), 1.932(40), 1.524(20),
1.493(20).

FC,;AI'z(OH-)[gCOa ¥ 3.{'1'20

IMA No. 92-030

Hexagonal (trigonal): P3;12 or P3;12
a 10.805 ¢ 22.48 A

Green—-brown with black coating; vitreous; transparent.

Uniaxial (), w 1.599, £ 1.570.

7.49(100), 3.746(50), 2.625(40), 2.314(50), 1.948(40), 1.558(15),
1.526(20).

J'\rﬂ.f, YZrSieOs - 6H-0
IMA No., 92-031

Hexagonal (trigonal): R32 A
a 10.825¢  15.809 B

Light green to yellow-green; vitreous; transparent to translu-
cent.

Uniaxial {(-), w 1.585, ¢ 1.578.
6.03(32), 5.40(63), 3.236(84), 3.127(88), 3.030(100), 1.805(21).

(K, Na)(Na, Li)2(Mg, Mn®t, Fe*t L1)sSig022(0H )
IMA No. 92-032 A member of the amphibole group.
Monoclinic: P2y /m
a994 bIT.80 ¢5302A4 310554
Dark red to brownish lilac; vitreous; transparent.
Biaxial (-}, o 1.654, 3 1.675 (calculated), v 1.696, 2V (meas.)
88-92°0.
8.800(M), 8.427(M), 5.077(M), 4.442(M), 3.357(M), 3.257(8),
3.132(5), 2.812(5), 2.553(5), plus seven other of intensity
(M).

S'rﬁ’f-ug"'[.S':'-;Oy](OH}; H, (O

IMA No. 92-033

Orthorhombic: Cmem
a6.245 b9.031 c13.404 A

Orange-brown; vitreous; translucent.

Biaxial (+), n's > 1.82, 2V (meas.) 63°.

4.804(86), 3.373(66), 2.833(100), 2.807(82), 2.695(98),
2.401(68).

O(Fe2t Al)AlgSicO1s(BO3)a (O H )4
IMA No. 92-034 A member of the tourmaline group.
Hexagonal (trigonal): R3m

a 15967 ¢ 7.126 A

_(’\l Institutul Geologic al Roméniei
IGR



78

Bluish black; vitreous; transparent.

Uniaxial (=), w, 1.664, = 1.642.

6.338(84), 4.212(48), 3.989(38), 3.452(91), 2.944(71),
2.573(100).

(Mg, Li, Fe,0)y Ali3 S15 044 (O H )4
IMA No. 92-035 The magnesium-analog of staurolite.
Monoclinic: C2/m
a7.872 b 16.55 ¢ 5.634 Ag 90.00°
Colorless in thin section; vitreous to resinous; transparent.,
Biaxial (sign unknown), mean n 1,709, 2V unknown.
4.139(24), 2.678(38), 2.390(50), 2.370(33), 2.356(24),
1.963(100).

{Zﬂ., L‘I, Fe, _'”-y, D}4J‘”]55?‘3044 {O}[}q

IMA No. 92-036 The zinc-analog of staurolite.

Monoclinic: C2/m
a 7.853 b 16.54 ¢ 5.639 A3 90.00°

Colorless in thin section: vitreous to resinous; transparent.

Biaxial (sign unknown), o 1.722, /3 unknown, ~ 1.734, 2V
unknown.

3.001(61), 2.678(70), 2.390(87), 2.363(46), 2.349(45), 1.968(61),
1.964(48),

1.391(100).

NanCu_:,{ f1304 }4 cl. 5H2 O
IMA No. 92-037 The tetragonal, lead-analog of lavendulan.
Tetragonal: P4;22 or P4;22
Tetragonal: P4,22 or P4,22
a 10.066 ¢ 39.39 A
Intense blue: vitreous; translucent.
Uniaxial (-), w 1.770, ¢ 1.710.
9.83(100), 4.925(60), 4.482(50), 3.132(90), 2.772(40), 2.515(50),
1.778(40).

C'u-go( Fe, C'H., Zn)s JWOzGEs 33-2

IMA No. 92-038

Cubic: space group unknown
a 10.64 A

Megascopic color unknown; metallic; opaque.

In reflected light: pale yellow to grayish yellow, no anisotropism,
no bireflectance, nonpleochroic. R: (23.7 %) 470 nm,
(25.5%) 546mm, (25.7 %) 589 nm, (25.6 %) 650 nm.

3.07(10), 2.66(2), 1.884(8), 1.603(4), 1.536(), 1.331(1), 1.220(2),
1.190(1).

C‘ﬂzo[f‘f, Zf.‘, Cu,]e WzGCsS:;Q

IMA No. 92-039

Cubie: space group unknown
a 10.675 A

Megascopic color unknown; metallic; opaque.

In reflected light: pale yellowish pink, no anisotropism, no
bireflectance, nonpleochroic. R: (23.2 %) 470 nm, (23.7 %)
546 nm, (24,0 %) 589 nm, (23,8 %) 650 nm.

4.36(1), 3.38(1), 3.08(10), 2.67(2), 1.887(7), 1.612(5), 1.543(1),
1.333(1), 1.225(1), 1.192( ).

Nﬂ..; Zﬂ.gS?:rOIs i SHQO
IMA No. 92-040
Orthorhombic: F2dd

a10.211 b 39.88 ¢10.304 A

Colorless to light mlauw*_; vitreous; transparent.
Biaxial (+), o 1.520, /3 1.521, v 1.524, 2V(meas.) 619,
2V (calc) 60°. 6.346(10), 41.959(3), 3.240(6), 3.167(4), 2.821(3).

(1K) Fea(SO4)2(OH s

IMA No. 92-041 The thallium-analog of jarosite.

Hexagonal (trigonal): H3m
a 7.3301 ¢ 17.6631 A

Gold-yellaw: adamantine; transparent.

Uniaxial (-), w 1.822, £ 1.768.

5.974(8T), 3.666(34). 3.112(100), 2.9877(22). 2.5773(21),
1.9912(29), 1.8329(23).

Ca(UO2)4 (SO )2(0H Yg - 61,0

IMA No. 92-043

Orthorhombic: P-lattice, space group unknown
a873 b17.09 c1572 A

Sulphur-yellow: vitreous; translucent.

Biaxial (=), @ 1.617 (calculated), § 1.710, v 1.758, 2V (meas.)
689,

7.90(100), 4.17(30), 3.98(40), 3.49(80), 3.38(70), 2.844(30b).

PbFe3* (PO4)2(OH, H20)e

IMA No, 92-045 The phosphate-analog of segnitite,

Hexagonal (trigonal): R3m
a 7.325 ¢ 16.900 A

Cream to brownish yellow to yellowish green; adamantine;
translucent.

Uniaxial (-), w 1.955, £ 1.935.

5.96(90), 3.67(60), 3.07(100), 2.538(50), 2.257(50), 1.979(50).

AlF; -3H,0
IMA No. 92-046
Tetragonal: P4/n
a7.715 ¢3.648 A
Colorless; vitreous; transparent.
Uniaxial (=), w 1.427, £ 1.403.
5.47(100), 2.439(72), 2.027(70), 1.775(78), 1.725(85), 1.306(70).

Nag REE2(COa)s with Ce the dominant
REE

IMA No, 92-048

Monaoclinic: P2;
a 2084 b6.374 ¢10.578 A 120.45°

Gray with slight pinkish tint; vitreous; translucent.

Biaxial (+ or -), o 1.623, § 1.636, v 1.649, 2V (meas.) 90°,
2V (calc.) 89°. 9.13 (3), 5.22 (5), 4.13 (3), 3.70 (4), 2.607
(10), 2.148 (3), 1.921 (3).

(Mg, TiO) AL Mg)2Aly 51,005 _(OH). B x~3

IMA No. 92-050 The magnesium-analog of dumortierite.

Orthorhombic: Pmen
al2.02 b2022 c4.7324

Pink to red; vitreous; transparent.

Biaxial (=), o 1.678, 8 1.700, 4 1.701, 2V (meas.) 38°, 2V(calc.)
240, ;

6.01(59), 5.88(100), 3.489(60), 3.255(82), 3.074(53), 2.927(74),
2.131(50), 2.090(48).
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NOTE:

The following three minerals from previous years also have

been approved.

FeigO16(OH)y(504): where 16 -y = 2z and 2.0 €2 £ 3.5

IMA No. 90-006

Tetragonal: probably P4/m
2 10.66 ¢ 6.04 A

Brownish yellow; dull; translucent.

Optical properties unknown.

4.86(37), 3.38(46), 2.55(100), 2.28(23), 1.66(21), 1.51(24),
1.46(18).

(U, YW T, Nb, Ta)20s
IMA No. 90-046 The uranimm-analog of polycrase-(Y).
Orthorhombic: Pben

a14.48 b 55559 ¢5.223 A

=1
o

Brown-red; adamantine; opacue.

In reflected light: pale gray with bluish tones; no anisotropism,
bireflectance, or pleochroisin. R: (23.6 %) 470 nmn, (21.5 %)
546 nm, (22.3 %) 589 nm, (25.1 %) 650 nm.

3.73(W). 3.21(W). 2.99(S). 2.78(W). 1.90(MS), 1.86(W),
LI7(MW), 1.48(M).

FF;(O f}-);('f
IMA No. 91-036
Orthorhombic: Pnam
a631 b9.20 c7.10A
Megascopic color unknown: luster probably dull; transparent.,
Index of refraction: 1.6 to 1.7.
Electron diffraction pattern: 5.86, 5.07, 2.93, 2.37, 2.14, 1.65.
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Rom. J. Mineralogy, 1995, 77, p. 81-82, Bucuresti

T

|l || SOCIETATEA MINERALOGICA A ROMANIEI

78344 Str. Caransebes nr. 1, Bucuresti - 32, Telefon: 665.75.30, Fax: 312.84.44

STATUTUL SOCIETATII MINERALOGICE A ROMANIEI (SMR)

Capitolul I — Dispozitii generale

Art. 1. Societatea Mineralogicd a Romaniei (SMR) este organizati si functioneaza ca persoani juridica in
conformitate cu legislatia in vigoare gi cu prevederile prezentului statut.

Art. 2. SMR are drept scop dezvoltarea mineralogiei (in sens larg, incluzand cristalografia, petrologia,
gitologia, geochimia etc.)” in Romania, in stransi legiturd si cooperare cu societiii similare din lume si pe
principiile generale ale Asociatiei Internationale de Mineralogie (IMA).

Art. 3. Durata societatii este nelimitatd; data infiintarii sale (18 octombrie 1992) a fost consemnata
de participantii la Primul Simpozion National de Mineralogie (Cluj-Napoca, 15-20 octombrie 1992). SMR
continui activitatea sectiei de mineralogie a Societitii Geologice a Romaniei.

Art. 4. Sediul SMR este la sediul Institutului Geologic al Romaniei din Bucuresti, Str. Caransebes, nr.1.
Societatea are sigld si stampild proprii.

Capitolul IT — Activitatea societatii

Art. 5. SMR este o asociatie nelucrativa, non-profit, avand ca obiectiv principal stimularea cercetarilor
mineralogice in sens larg in toate institutiile cu activitate geologicd din tard, precum i in cele In care existi
preocupéri de petrurgie, mineralurgie, biomineralogie, petrofizicid, etc. SMR 151 propune si colaboreze cu
fizicieni si chimisti, care lucreazi in domeniul cresterii cristalelor, cristalografiei, spectrometriei de masi si de
rezonanta etc., cu metalurgl i specialigti in domeniul fizicii corpului solid, cu ecologi si naturalisti in general.

Art. 6. In colaborare cu Institutul Geologic al Romaniei din Bucuresti, SMR va edita "Romanian Journal
of Mineralogy™, care va deveni g1 Buletinul SMR. In contul cotizatiel anuale, membrii SMR vor primi Rom. J.
Mineralogy sau, la alegere, Rom. J. Petrology, sau Rom. J. Mineral Deposits.

Art. 7. SMR va organiza periodic, din 2 1 2 ani , sau ocazional simpozioane generale sau tematice la
nivelul intregii tari, la care vor fi invitati si specialigti din strainitate.

" Art. 8. SMR va colabora cu societiti mineralogice din Europa si din alte tiri, cu care va initia forme de
colaborare (simpozioane, aplicatii pe teren). cu IMA, in special prin comisiile acesteia gt cu EMU (Uniunea
Europeanid de Mineralogie).

Art. 9. Titlul de membru al IMA, conferit seciiei de mineralogie a Societdtii Geologice a Romaniel prin
votul Consiliului IMA (Kyoto, August, 1992), se transferd asupra SMR.

Art. 10. SMR va acorda, in masura fondurilor disponibile, premii tinerilor cercetatori (sub 35 ani), pentru
lucrari deosebite in domeniile mentionate la art. 2 si 5, care vor fi decernate cu ocazia simpozioanelor.

Capitolul III — Structura si conducerea societatii

Art. 11. SMR functioneazi sub forma grupurilor de specialisti, constituite n institutii in care se desfagoard
activitate geologicd sau existd preocupéri de tipul celor enuntate in art. 5. Iiecare grup are un reprezentant,
care tine legitura cu conducerea SMR.

Art. 12. Conducerea societitii este asiguratd de un presedinte, 2 vicepresedinti, 3 membri si un secretar,
care vor fi alesi la fiecare 4 ani; realegerea lor in functiile detinute se hotaraste la fiecare Adunare Generala de
alegeri. Legitura cu IMA, EMU si EUCr (Uniunea Europeana de Cristalografie) se asigurd prin Yreprezentanti
nationali”, alesi simultan cu conducerea societatii; acestia pot fi presedintele, respectiv vicepresedingii sau alte
persoane reprezentative, membri SMR.

Art. 13. Activitatea SMR se desfigoard pe comisii, structurate dupa modelul IMA| la care se pot adauga
si alte comisii sau grupuri de lucru, in functie de optiunile membrilor SMR. Coordonatorii fiecarei comisii
sau ai fiecirui grup de lucru national (i el eligibill) vor tine direct legatura cu omologii lor din alte societati
mineralogice sau IMA.

/) Institutul Geologic al Romaniei
R

IG



82

Capitolul IV — Membrii societatii

Art. 14. Pot fi membri ai SMR persoane fizice (membri ordinari) sau juridice (membri sustinatori), care
desfigoard activititi de tipul celor amintite in art. 2 si 5, in institutiile de cercetare, invatdmant, proiectare,
productie, etc., precum si studenti.

Art. 15. Titlul de "Membru de onoare al SMR” se poate acorda unor personalititi romane sau striine, active
in domeniile enuntate in art.2 gi 5, recunoscute pe plan intern si international, atasate dezvoltdrii mineralogiei
in Romania. Acordarea titlului se face la propunerea conducerii SMR.

Art. 16. Primirea ca membru ordinar se face la cerere, prin completarea formularului de adeziune. Pentru
studenti este necesari cel putin o recomandare din partea profesorului de specialitate.

Capitolul V — Fondurile societitii

Art. 17. Fondurile SMR se coustituie din (a) taxe de inscriere, (b) cotizatii, (¢) subventii gi sponsoriziri,
(d) taxe de participare la simpozioane, (e) donatii. Cotizatia anuald a membrilor ordinari se stabileste conform
pretulut de vanzare al Rom. J. Mineralogy, plus 50 %, iar pentru studenti la 1/3; taxa de mscriere este, de
asemenea, 1 /3 din cotizatie. Pentru persoanele juridice /membrii sus{initori, cotizatia anuald este de minimum
10 ori cotizatia pentru membrii ordinari.

Art. 18. Gestionarea fondurilor SMR se face de citre un trezorier, numit de conducerea societitii. Pentru
activitatea sa, trezorierul va fi recompensat printr-o modalitate legald de citre conducerea societitii.

Art. 19. Activitatea financiard a societatii va fi verificati de o Comisie de Cenzori, formati din 3 membri,
eligibili la 4 ani. Cel putin la incheierea legislaturii sale, Comisia de Cenzori va prezenta raportul privind
gestionarea fondurilor.

Capitolul VI - Dispozitii finale

Art. 20. Statutul SMR poate fi modificat de citre Adunarea Generald a societitii, pe baza votului a cel
putin 2/3 din numarul delegatilor prezenti.

Art. 21. In cazul dizolvarii SMR, o adunare extraordinari va hotiiri destinatia patrimoniului societitii, in
conditiile ardtate la art. 20.

Nota. Anexa 1 (comisiile i grupurile de lucru ale SMR) si Anexa 2 (procesul verbal de constituire a SMR)
fac parte din statut.
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INSTRUCTIUNI PENTRU AUTORI

ROMANIAN JOURNAL OF MYNERALOGY publici
contributii stiintifice originale referitoare la acest dome-
niu.

Vor fi acceptate numai lucririle care prezinti concis
si clar informatii noi. Manuscrisul va fi supus lecturii
critice a unuia sau mai multor specialisti; dupi a doua
revizie nesatisficitoare din partea autorilor va fi respins
definitiv si nu va fi inapoial.

Manuscrisele trebuie prezentate, de reguld, in englezi
sau francezii; cele prezentate in limba romini trebuie si
fie insotite de un rezumat, in englezd sau francesi, de
maximum 10 % din volumul manuscrisului.

Lucrarile trebuie depuse, in doud exemplare, la secre-
tariatul Comitetului de redactie, inclusiv ilustratiile in
original. Manuscrisul trebuie si cuprinda: textul (cu o
pagind de titlu, care este i prima pagiud a lucririi), bi-
bliografie, cuvinte cheie, abstract, ilustratii, explicatii ale
figurilor gi plangelor, i un sumar cu scop tehnic.

Se va adiuga o fild separatid cu un colontitlu de maxi-
mum 60 semne g1 un sumar, in care se va indica ierarhia
titlurilor din text in clasificarea zecimald (1: 1.1; 1.1.1),
care nu trebuie si depidgeasci patru categorii.

Textul va rindurt (31
rinduri/pagind si 64 semne/rind), pe o singurd parte a
colii, cu un spatiu liber de 3-4 cm in partea stingd a
paginil si nu trebuie si depiseasca 20 pagini dactilografi-
ate (inclusiv bibliografia si figurile).

Prima pagind a textului va cuprinde: a) titlul lncririi
{concis, dar informativ), cu un spatiu de 8 cm deasupra;
b) numele intreg al autorului (autorilor): ¢) institutia
(institutiile) si adresa (adresele) pentru fiecare autor sau
grup de autori; d) text.

Notele de subsol se vor numerota consecutiv.

dactilografiat la  doua

Citarile din text trebuie si includi numele autorului gi
anul publiciri. Exemplu: lonescu (1970) san (lonescu,
1970). Pentru doi autori: lonescu, Popescu (196Y) san
(Ionescu, Popescu, 1969). Pentru mai mult de doi antori:
lonescu et al. (1980) sau (lonescu et al., 1980). Pentrn
lucririle care se afld sub tipar, anul publicirii va fi inlocuit
cu “in press”. Lucrdrile nepublicate si rapoartele vor fi
citate in text ca si cele publicate.

Abstractul, maximum 20 rinduri (pe fili separati), tre-
buie s& fie in limba englezi si s& prezinte pe seurt princi-
palele rezultate si concluzii (nu o simpli listd cu subiecte
abordate).

Cuvintele cheie (maximum 10) trebuie si fie in limba
englezi sau francezd, corespunzitor limbii in care este
lucrarea (sau abstractul, dacd textul este in romand),
prezentate in succesinne de la general la specific si dac-
tilografiate pe pagina cn abstractul.

Bibliografia se va dactilografia la doud rinduri, in or-
dine alfabetici si cronologicid pentru autorii cu mai mult
de o lucrare. Abrevierile titlului jurnalului sau ale e-
diturii trebuie si fie conforme cu recomandarile respec-
tivelor publicatii san c¢u standardele internationale.

@
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Exemple:

a) jurnale:

Giuged, D. (1952) Contributions A I'étude cristallochi-
mique des niobates. An. Com. Geol., XXIII, p. 259~
268, Bucuresti.

-, Pavelescu, L. (1954) Contributii la studiul mine-
ralogic al zdcimintului de la Mugca. Comm. Aead.
Rom., IV, 11-12, p. 658-991, Bucuresti.

b) publicatii speciale:

Strand, T. (1972) The Norwegian Caledonides. p. |
200 In: Kulling, O., Strand, T, {eds.) Scandinavian
Caledonides, 560 p., Interscience Publishers.

¢) cirti:

Bélan, M. (1976) ZacAmintele manganifere de la lacobeni.
Ed. Acad. Rom., 132 p., Bucuresti.

d) hirti:

lonescu, 1., Popescu, P., Georgescu, (. (1990) Geological

Map of Romania, scale 1:50,000, sheet Cimpulung.

Inst. Geol. Geofiz., Bucuresti.
¢) lucrdri nepublicate sau rapoarte:
Dumitresen, D., lonescu, [, Moldoveanu. M. (1987)
Report. Arch. Iust. Geol. Geofiz., Bucuresti.
Lucrdrile sau cartile publicate in rusi, bulgard, sarba
ete. trebuie mentionate in bibliografie transliterind nu-
mele si titlurile. Exemplu:
Krasheninnikov, V. A., Basov, [. A. (1968) Stratigrafiya
kainozoia. Trudy GIN, 410, 208 p., Nauka, Moskow.
HNustratiile (figuri i planse) trebuie numerotate si
prezentate in original, pe coli separate (hirtie de calc),
bune pentru reprodus. Dimensiunea liniilor, a literclor si
a simbolurilor pe figuri trebuie si fie suficient de mare
pentru a putea fi citite cn usurintd dupi ce au fost re-

duse. Dimensiunea originalului nu trebuie si depiigcasci)
suprafata tipografici a paginii: litimea coloanei 8 cm, |

latimea paginii 16,5 cm, lungimea paginii 23 ¢m, pentru
figuri, iar pentru plansele liniare nu trebuie si depigeasci
dimensiunile unei pagini simple (16,5/23 ¢m) sau duble
(23/33 cm) si trebuie sd fie antoexplicativa (si includi
titlul, autori, explicatie etc.). Scard grafici obligatorie.

Hustratiile fotografice (numai alb-negru) trebuie si fie
clare, cu contrast bun si grupate pe planse de 16/23
cm. In cadrul fiecirel planse numiritoarea fotografiilor
se repetd (de. ex. PL 1, fig. 1, PL 1T, fig. 1).

Tabelele vor fi numerotate si vor avea un titlu. Di-

mensinnea originald a tabelelor trebnie s§ corespundi di-
mensiunilor tipografice mentionate mai sus (8/16.5 sau
16,5/23).

Autorii vor primi un singur set de corecturd, pe care
trebnie s&-1 Tnapoieze, cu corecturile corespunzatoare.
dups 10 zile de la primire. Numai greselile de tipar tre-
buie corectate; nun sint acceptate modificiri. |

Autorii vor primi gratuit 30 de extrase peutru fiecare
lucrare. '

Clomitetul de redaciie
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INSTRUCTIONS TO AUTHORS

ROMANIAN JOURNAL OF MYNERALOGFY publishes
original scientific contributions dealing with any subject

of this field.

Only papers presenting concisely and clearly new infor-
mation will be accepted. The manuscript will be submit-
ted for critical lecture to one or several advisers. Papers
will be definitely rejected after a second unsatisfactory
revision by the authors. 'The manuscripts will not be re-
turned to the authors even if rejected.

Manuscripts are prefered in English or  French.
Manuscripts submitted in Romanian will be accompanied
by an abstract in English or French {maximum 10 per cent
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