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Abstract Roméite (Ca, Fe, Mn, Na)y(Sb>*, Ti*"),(O,
OH, F), is a rare mineral found in metamorphic iron-
manganese deposits and in hydrothermal Sb-bearing
veins. It is isostructural with the pyrochlore-group
minerals of the general formula A, ,B>X¢ Y- pH>0.
The pyrochlore-group minerals are important Nb and
Ta ores, and are also used as an actinide host phase
in radioactive waste. The crystal chemistry of roméite
from the type locality Praborna (Italy), from Massiac
(France), and from four newly discovered localities in the
Swiss Alps, and of “lewisite’’, a questionable species
related to roméite from Tripuhy (Brazil), is compared to
that of pyrochlore. A wide range of substitutions has
been observed including (1) independent substitutions
on the A- and B-sites, and (2) coupled substitutions
between the A- and B- and between the A- and Y- sites.
Only the roméite from Massiac, derived from weather-
ing of stibnite, contains significant H,O (up to 14 wt %).
The A-site vacancies in roméite appear to be controlled
by the primary conditions of crystallization, and not by
post-crystallization alteration. The Y-site chemistry of
roméite varies from locality to locality; it can be domi-
nated by F, OH, or be fully vacant. The “lewisite” oct-
ahedral crystals studied are a sub-microscopic mixture
of roméite with a mineral structurally related to
pyrochlore, which grows at the expense of roméite.
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Introduction

Pyrochlore-group minerals (Table 1), the most impor-
tant Nb and Ta ores, are widespread accessories in a
variety of igneous rocks including carbonatites, nephe-
line syenites and related alkaline rocks, and granitic
pegmatites. Synthetic pyrochlore hosts actinides in
SYNROC, a promising ceramic material designed for
the immobilization of high-level radioactive waste
(Ringwood et al. 1988). Studies of the effect of growth
and alteration on the crystal chemistry of natural
pyrochlore allow the development of models for the
long-term stability of such ceramics (Lumpkin and
Ewing 1985, 1992, 1996; Lumpkin et al. 1994).

Roméite is isostructural with the pyrochlore-group
minerals, but occurs in different geological environ-
ments, namely in metamorphic rocks and hydrothermal
veins. The comparison of the crystal chemistry of ro-
méite with that of pyrochlore-group minerals in relation
to alteration and affinity for trace elements allows a
better understanding of the crystal chemistry of the
pyrochlores sensu lato. The second aim of this study is
to discuss the geological significance of roméite, which
was found to be an important accessory mineral in the
Fe-Mn ores of Val Ferrera (Switzerland). Roméite dis-
plays contrasting chemistry from one deposit to the
other, emphasizing the need of a nomenclature able to
reflect this variability. Thus, the nomenclatural problems
are reviewed, and ‘““lewisite”, a questionable species re-
lated to roméite, has been reinvestigated.

Roméite and the pyrochlore group

Roméite has been discovered by Damour (1841) in the
Praborna mine (Piemont, Italy) and named in honor of
French mineralogist Romé de I'Isle (1736-1790). Al-
though the Praborna roméite was originally described as
CaSb3" 0y, a pentavalent oxidation state of Sb was de-
termined by Schaller (1916). After demonstrating that
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Table 1 Overview of the pyro-

chlore group Structure

General formula

Chemistry

Site occupancy m:
W

n:
p:

space group Fd3m, Z =38, isotype of pyrochlore
(as defined by Gaertner 1930 and Brandenberger 1931)

Ay mBoXs w Y10 - pH2O

B? X Y
Nb>* 0> OH~
Ti** F~
T35+ Ffa 027
W5+ OH—c
Sb5+ K+b
Fe3* Rb*®
A13+ Cs+b
T1+b

0 (ideal pyrochlore) to 2 (defect pyrochlore)
normally 0; however Lumpkin and Ewing (1992)
describe limited vacancy on this site;

0-1

<2; HyO-groups occur on the A- and Y-sites

#1In the official mineralogical classification, only pyrochlores with Nb, Ta or Ti dominant on B-site are
assigned to the “pyrochlore group”.

A pyrochlore in which a large monovalent cation occurs on the Y-site is called inverse pyrochlore.
¢ F~ and OH™ rarely, only in limited amounts.

roméite is isostructural with pyrochlore, Zedlitz (1932)
described roméite with the presently accepted chemical
formula (Ca, Fe, Mn, Na),(Sb>*, Ti**),(O, OH, F),.

Before the chemical composition and structure of
roméite had been clearly established, several Sb-minerals
related to roméite were described under various names.
Dana and Dana (1951), however, considered the fol-
lowing minerals as roméite varieties: atopite (sodian and
manganoan), schneebergite (ferroan), lewisite (titanian),
mauzeliite (plumbian), weslienite (fluorian), and hydro-
roméite (up to 13.48 wt% H,O, Natta and Ba-
ccaredda 1933). Roméite and ““lewisite” are still listed as
independent species in most current reference manuals
(e.g., Fleischer 1993), although the chemical analysis of
“lewisite” given by Hussak and Prior (1895) for the
sample from the type locality Tripuhy (Brazil) corre-
sponds to titanian roméite. Pyrochlore-related minerals
have the general chemical formula A, B>X¢ Y1, -
pH>O (see Table 1 for details). According to the crys-
tallographic classification, all phases isostructural with
pyrochlore belong to the pyrochlore group; we will refer
to this point of view as pyrochlore sensu lato (s.l.). The
mineralogical classification is, according to the IMA
Subcommittee on Nomenclature of the Pyrochlore
Group (Hogarth 1977), more restrictive because only
compounds with Nb (pyrochlore subgroup), Ta (mi-
crolite subgroup) or Ti (betafite subgroup) as main B-
cations are assigned to the pyrochlore group; we will
refer to the latter as pyrochlore sensu stricto (s.s.). The
name of each species is given by the name of the sub-
group accompanied by a prefix that indicates the main
A-cation (e.g., plumbopyrochlore).

There are three main flaws to the IMA classification.
(1) Isostructural minerals with Sb and W as dominant B-

site cations (i.e., stibiconite-group and ferritungstite-
group, respectively) were not taken into account; this
simplification may reflect the fact that these minerals
occur in very different geological environments. (2) Va-
cancies on the A-site play an important role in pyroch-
lore s.1. (Table 1), another aspect that is not taken into
account by the mineralogical classification. (3) H,O
groups can be predominant on the A-site, as shown for
kalipyrochlore (Ercit et al. 1994) and ferritungstite (Er-
cit and Robinson 1994). K, from which kalipyrochlore
(2 wt% K,0) received its name (Van Wambeke 1978),
does not occur on the A-site but rather on the Y-site
(see Table 1).

Analytical procedures

Polished thin sections (30 um thick) were obtained when the
abundance of roméite within the rock was sufficient. Roméite
grains from Fianel, Tripuhy and Massiac, isolated under the bin-
ocular microscope, were embedded in an epoxy resin and then
polished. In each grain, the chemical zonation was studied using
back scattered electron (BSE) images. In roméite, this method
basically maps the substitution of Sb by Ti due to the large dif-
ference in atomic number (51 and 22 respectively); Ti-rich zones
appear darker than Sb-rich zones.

Quantitative electron microprobe (EMP) analyses were per-
formed with a JEOL JXA-8600 at the Institute of Mineralogy and
Petrography at the University of Basel, under the following ana-
lytical conditions: 10 nA (beam current on a Faraday cage), 15 kV,
scanning mode (analyzed surface ~ 20 pm?), and ZAF correction.
The following standards, X-ray lines and detector crystals were
used: wollastonite (Ca-K,/PET), albite (Na-K,/TAP, Al-K,/TAP),
valentinite (Sb-L,/PET), rutile and kaersutite (Ti-K,/PET),
graftonite (Mn-K,/LiF and Fe-K,/LiF), adamite (As-K,/LiF),
CeO, (Ce-L,/LiF), metallic Nb (Nb-L,/PET), metallic U (U-M,/
PET), galena (Pb-M,/PET), scheelite (W-L,/LiF), and topaz
(F-K,/LDE1).
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Because of a strong interference between Sb-L,, and As-L,, the
K,-line was chosen for As despite its poor excitation at 15 kV.
Under the conditions chosen for background measurement, the ef-
fect of the Ca-K, line on the Sb-L,, line is not significant, and con-
versely, not more than +0.5% of the Ca-K, intensity is due to
interference with the Sb-L,, line. All other possible interferences were
tested and found negligible, in particular the Ce-L, — Ti-Kg inter-
ference. The intensity of F-K,, in roméite does not vary significantly
during the first 60 seconds of electron bombardment (Stormer et al.
1993). File handling and all calculations with the analytical data
were performed with Petrocalc (Godard and Chat 1994).

IR spectra were obtained with a Perkin-Elmer 883 infrared
photometer using KBr pills. Gandolfi and Guinier-Hagg cameras
furnished the X-ray powder data, and Weissenberg and precession
devices the single crystal data for “lewisite”.

Geology, morphology and chemistry of roméite
Praborna

A syngenetic exhalative Fe-Mn mineralization is em-
bedded in radiolarites deposited on the Mesozoic pillow
lavas of the oceanic “Nappe Piémontaise” at Praborna
(Val d’Aoste, Italy). The ores underwent a polyphase
Alpine metamorphism (Martin-Vernizzi 1984) evolving
from a blueschist phase into a climax under eclogitic
conditions (P =10 kbar, T=465% 15 °C), and finally to
a retrograde greenschist-facies stage. Yellow to brownish
octahedral roméite crystals up to 1 mm in size occur in
late calcite veinlets crosscutting piemontite-rich layers.

These roméites are TiO,-free (< 0.04 wt %; cf. Table 2,
analysis 1). Limited substitution of Na, Fe and Mn for
Ca is observed on the A-site which exhibits a mean oc-
cupancy of 1.707. The Y-site contains not more than
0.2 atoms of F pfu. A predominance of hydroxyl over F
and O on this site is indicated by the low sums of the
EMP analyses and also by a sharp absorption corre-
sponding to OH vibrations on the IR-spectrum (arrow
in Fig.1a).

The substitution ANaY(OH)*(M*")_,A00_,Y0_,
relates the formula obtained in this study to the formula
CaNaSbi*OG(OH) proposed by Zedlitz (1932). A set of
independent exchange vectors important to explain the
chemical variability of the samples studied is listed in
Table 3; the above substitution is a linear combination
of the substitutions (a) M>* [INa_, and (c)*NaY(OH)*
(M**)_,YO_;,where M** = (Ca, Mn, Fe).

Val Ferrera

Numerous small Fe and Fe-Mn deposits (Stucky 1960;
Brugger 1995) are embedded in the Triassic marbles of
the Middle Penninic Suretta and Schams Nappes
(Trimpy 1980) in Val Ferrera (Central Alps; Grau-
biinden, Switzerland). A synsedimentary exhalative ori-
gin of these deposits is suggested by Brugger (1996);
their present mineral assemblage was formed during a
polyphase Tertiary metamorphism (Schmid et al. 1990;
Schreurs 1993), evolving from a blueschist phase
(> 10 kbar, <350 °C, 50 Ma) to an upper greenschist
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Fig. 1 IR spectra of roméite from a Praborna, Italy and b Fianel, Val
Ferrera, Switzerland. The arrow points to the absorption resulting
from OH vibration

Table 3 Important exchange
vectors for the roméites @
described in this study (b)

ACa0"Na_,
ADBSb,ACa_ PTi_,

(¢ “Na¥(OH)*MZ| YO_,
(d)  ACePTi,Na_,®Sb_,

(e) BSb™ B(Fe®, APMBTIY,

phase (<10 kbar, 350 °C < 7<450 °C, 35-40 Ma) as-
sociated with a pervasive schistosity (S;), and finally to a
lower greenschist phase (>5 kbar, <450 °C, 30<t¢<
35 Ma). Several abandoned mine sites were examined
including Fianel, Schmorrasgrat, Starlera, and Val Sterla.

At the Fianel mine (Suretta nappe), roméite occurs
scarcely in syn-kinematic quartz veinlets within a strat-
abound lens (1 m x 0.5 m) of pink dolomitic breccia
enclosed in hematite, quartz, carbonate, *barite, +fluo-
rapatite ores, together with beryl, scheelite-powellite,
paraniite-(Y) and bergslagite (Brugger et al. 1994, 1995).
The roméite crystals are fractured, whereby the sutures
are filled with quartz (Fig. 2a,b,c). On the BSE images,
most of the roméite crystals have a homogeneous ap-
pearance, but sometimes exhibit a dark (Ti-rich) rim,
which may contain tiny thorian monazite-(Ce) inclu-
sions (Fig. 2a). Rarely, they show inclusions of Ti-rich
roméite, which display a myrmekitic appearance. One
crystal, sample Se2.3, is unusual because of its fine os-
cillatory zonation (Fig. 2b). The rim of the crystal
shown in Fig. 2c also displays a fine oscillatory zonation
which, however, is not parallel to the crystal faces; the
core is constituted of heterogeneous betafite. The crystal
surfaces of betafite and the enclosing roméite are ge-
nerally parallel, suggesting epitaxial growth. Note that
on one side the betafite crystal was dissolved before
roméite crystallized.
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In comparison to the Praborna roméite, the speci-
mens from Fianel are richer in F, Na and Ti, and ad-
ditionally contain significant amounts of Ce,O3; (up to
1.88 wt%) and Nb,Os (up to 0.32 wt%; cf. Table 2,
analysis 2). The IR-spectra of roméite from Fi-
anel (Fig. 1b) and Praborna (Fig. 1a) are identical, ex-
cept an absorption that is observed for the Praborna
sample and is typical for the O-H vibration (arrow in
Fig. 1a). This peak is missing in the Fianel roméite be-
cause it is, with exception of sample Se2.3, very rich in F,
which almost completely fills the Y-site (Table 2, anal-
ysis 2). The myrmekitic Ti-rich roméite is rich in Ce,Os,
Nb,Os5, WO3, As,O5 and UQO, (Table 2, analysis 5). The
low O value could indicate the presence of OH on the
X-site.

The formula of the U-rich core of the crystal of
Fig. 2c (Table 2, analysis 6) was calculated with Sb>*

REM-Labor
Univ. Basel

REM-Labor
Univ. Basel

Fig. 2a-d BSE pictures of roméite from Val Ferrera, Switzerland.
a Crystal from Fianel (sample Se2.4) displaying a dark, Ti-rich rim
and containing dark, myrmekitic secondary romeéite (arrows). M tho-
rian monazite-(Ce) inclusion. b Roméite crystal (sample Se2.3) from
Fianel, displaying oscillatory zonation. ¢ Roméite crystal from Fianel

because the mineral occurs within a roméite crystal and
because the resulting stoichiometry does not correspond
to any known mineral if all Sb is taken as Sb>" (as e.g.,
in stibiobetafite (Ca, Sb>"),(Ti**, Nb, Ta),04(O, OH);
Cerny et al. 1979). The oxidation states of Fe and U are
unknown, and were assumed as bivalent and tetravalent,
respectively. The chemical formula obtained in this
manner corresponds to the pyrochlore-group mineral
betafite (Ca, U), ,(Ti, Nb, Ta),Os(OH), with a high
content of “roméite component.” Due to the radiation
damage induced by a-decay of U, many betafites are
metamict (Hogarth 1961). No X-ray data could be col-
lected on this 40 um crystal. However, according to
Lumpkin et al. (1994), a dose greater than 10'¢ alphas/mg
gives a good indication that betafite is metamict. A min-
imum age of 30 Ma yields a dose of 1.6 10'® alphas/mg
and thus suggests that the studied betafite is metamict, a

REM-Labor
Univ. Basel

100 um

REM-Labor
Univ. Basel

with a core consisting of Sb-W-bearing betafite. d Broken, finely
zoned crystal of roméite with narrow band of manganberzeliite (B,
intermediate grey) in a johninnesite (fibrous, dark grey) veinlet from
Schmorrasgrat



conclusion supported also by the porous appearance of
the polished mineral surface. The low analytical totals
may be due to the presence of H,O on the A-site in
addition to that on the Y-site, consistent with the DTA
and DGA data of Hogarth (1961) which suggest coex-
istence of two types of H,O-groups in betafite.

The chemical variability on the A- and B-sites can be
described in terms of three end-members (Fig. 3a):
(1) ANa’Ca® Sb,04 (F, OH), (2) ACa,® TiBSbO4(F, OH)
and (3) ACa, s* [, s2Sb206(F,OH). These end-members
are related to each other by the substitutions listed in
Fig. 3a. The Fianel roméites lie between end-members
(1) and (2); only the data for the oscillatory zoned
sample Se2.3 (Fig. 2b) plot between (2) and (3) (cf.
Table 2, analyses 3 and 4). Ce enters the roméite struc-
ture for example along exchange vector (d) CeTi,-
Na_;Sb_,. The correlations observed in Fig. 3a and 3b
correspond to an exchange vector (x) which can be
written as (x) =(a) —2.6x(b) — 0.7x(d).

At Schmorrasgrat (Schams nappes), jacobsite-rich
ores were discovered in 1994 by the senior author. Here,
rare roméite crystals occur in post-S; veinlets which
contain johninnesite, quartz and hematite. Some roméite
crystals are broken, and at least some of the johninnesite
crystallization takes place after this event (Fig. 2d). A
narrow band of manganberzeliite marks the fracture.
Roméite from Schmorrasgrat shows zonation patterns
as fine bands (< 1 um) aligned parallel to the growth
surface (Fig. 2d).

Roméite from Schmorrasgrat (Table 2, analysis 11)
differs from that of the other Val Ferrera occurrences by
high contents of Fe,O5 (up to 3.08 wt%) and MnO (up
to 8.09 wt %), by a low F content (<0.38 pfu), and by
the presence of significant amounts of As (up to 1 wt%
As,0s). The low analytical totals are not well under-
stood but may be due to small amounts of H,O on the
A-site (<3 wt%). Fe has been calculated as Fe,O3 to
account for the presence of hematite in the vein and to
leave room for H,O on the A-site. The analyses within
the fine dark bands in Fig. 2d (Table 2, analysis 12)
show enrichment of As,Os, Nb,O5 and Ce,Os relative to
rest of the crystal. The low analytical totals are probably
related to an underestimation of Sb,Os, which could be
due to topographic effects; the fine bands are softer than
the enclosing roméite and appear as depressions on the
polished sections.

The Starlera mine (Suretta nappe) furnished the only
economic Mn-ores of Val Ferrera (braunite, exploited
between 1918 and 1920; Heim and Tarnuzzer 1923). The
associated Fe ores consist of hematite and quartz. Many
post-S; veins (up to 30 cm thick) containing magnesian
calcite, tilasite (CaMgAsO4F), roméite and manganoan
hydroxyl-phlogopite crosscut the ores. The roméite has a
homogeneous appearance in BSE pictures except for
some alteration, appearing as dark veinlets, dark diffu-
sion fringes and dark crystal rims.

At Starlera, a Ti-poor and a Ti-rich roméite popu-
lation can be distinguished (Table 2, analyses 9 and 10,
respectively). Individual crystals of each population,
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Fig. 3a— Bivariable diagrams illustrating the crystal chemistry of the
studied roméite samples (“lewisite” not shown). EMP data normalized
to XB=2. The estimated 1 ¢ errors for Ti resulting from counting
statistics are 3% and 0.9 % for 0.02 and 0.5 Ti pfu, respectively a Na
vs Ti (pfu) diagram. Estimated 1 ¢ errors for Na resulting from
counting statistics: 4% and 1.5% for 0.1 and 0.9 Na pfu, respectively
b Ce vs Ti (pfu) diagram. The 1 ¢ errors for Ce resulting from
counting statistics are plotted; the indicated linear correlations only
consider analyses with Ti > 0.2 pfu, to account for the fact that Ce is
enriched only above this critical Ti value. Note that correlation is not
due to X-ray line interferences. ¢ F vs Ti (pfu) diagram. 1 ¢ error for
F resulting from counting statistics: 2% at 1 atom pfu level

however, are relatively homogeneous. The Ti-rich pop-
ulation contains up to 2.91 wt% Ce,O3 and 0.24 wt %
Nb,Os. The variation observed within the Ti-rich pop-
ulation mainly takes place along (d) CeTi,Na_;Sb_,,
which would produce a slope of —1/2 on a Na vs. Ti plot
(Fig. 3a,b); variation within the Ti-poor population is
along vector (a). Alteration effects are only producing
variation in As,Os (up to 0.5 wt%), and the affected
areas are similar in composition to the Ti-rich popula-
tion.
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The deposit of Val Sterla (Suretta nappe) contains
one lens (~1 m) consisting of manganoan-magnesian
calcite, roméite and quartz. The crystallization of these
minerals took place during a static event that post-dates
S:. Fluorite occurs as idiomorphic crystals in vugs and
represents an alteration product of the former para-
genesis. Thin (<5 pm) strips of a Sr-Al-As-(£P,S)
mineral (kemmlitzite?) develop along some roméite grain
boundaries and in fractures within roméite crystals. The
roméite crystals from Val Sterla are characterized by
pronounced oscillatory zoning (Fig. 4b,c). Under the
petrographic microscope with crossed polarizers, some
of the zones display a strong anisotropy (Fig. 4a). The
growth zonation may be disturbed by post-crystalliza-
tion phenomena: the rim of the crystal shown in Fig. 4b
and 4c, for example, is replaced by Ti-poor roméite (see
arrows). Similarly, a large portion of the crystal shown
in Fig. 4d has been replaced.

The oscillatory zonation is mainly related to the
coupled substitution Na,[]SbsCa_3Ti_4 (Fig. 5; Table 2,

Optical microscope,
crossed polarizers

REM-Labor
Univ. Basel

— 10 um

Fig. 4a-d Roméite from Val Sterla, Val Ferrera, Switzerland.
a Photomicrograph of roméite-bearing sample; the location of Fig. 4b
is indicated by the box; crossed polarizers. b BSE picture of a crystal
with oscillatory zonation; the box corresponds to the view seen in

analyses N °7 and 8). A Ce,O; content up to 4.22 wt%
is found in some zones where TiO, > 7 wt %, but no clear
correlation exists between Ce and Ti (Fig. 3b). The re-
placing roméite (see e.g., Fig. 4d) is chemically similar to
the roméite from the Ti-poor zones. In the crystal of
Fig. 4d, the wavy appearance of the outer zone (1), the
occurrence of a phantom of the primary zonation in the
transformed zone (2), the rhythmical aspect of the re-
placement front (3), which suggests oscillatory reaction
at a diffusion front (Ortoleva 1994), and the “fluidal”
appearance of the disturbed area at (4), all indicate that
this replacement was caused by a fluid after roméite
crystallization.

Tripuhy

At Tripuhy (Minas Gerais, Brazil) mica schists grading
into hematite schists (of probably synsedimentary ex-
halative origin) are crosscut by quartz veins with

o

Fig. 4c, and the arrow points to replacement textures along the rim of
the crystal. ¢ Detail of Fig. 4b; the arrow points to a replacement
texture. d BSE picture of a zoned crystal with complex replacement
textures



[NaCa]Sbs

Val Sterla

Cay[TiSh] [Cas5Q05]Sby

(b) a SbZCa,1Ti 2

Fig. 5 Triangular plot (NaCa)Sb, — Cay(TiSb) — (Ca, 5Ly s)Sb, dis-
playing EMP-analyses of the zoned crystal shown in Fig. 4b (Val
Sterla). White circles represent points measured in bright zones (low in
Ti), black triangles designate points measured in dark zones (high in Ti)

cinnabar. Isolated “lewisite” crystals occur in alluvial
sands originating from the mica schists, together with
xenotime-(Y), monazite-(Ce), zircon, gold, tripuhyite
and derbylite (Hussak and Prior 1895; Moore and
Takaharu 1976). The 5 available “lewisite” crystals have
inclusions of quartz, titanian hematite, and some
phyllosilicates as identified by X-ray powder diffract-
ometry. These inclusions exhibit a preferred orientation,
indicating that “lewisite” postdates the formation of a
schistosity.

The analyses of two different crystals (Table 2, ana-
lyses 13 and 14) show Al,O;, Nb,Os and As,Os up to
1.14, 0.24 and 0.94 wt %, respectively; Ce, CI and F are
below the microprobe detection limit, and H,O is not
present in significant quantity. Because hematite inclu-
sions were observed, Fe has been assigned to the B-site
as Fe**; another argument for this oxidation state is that
exchange vector (e), which relates the compositions of
the two grains (Fig. 6), requires the presence of a tri-
valent metal ion. The substitution (e) solely affects the B-
site and is characterized by Fe**/AI**~ 2. The contents
of the A-site are very similar in both grains. “Lewisite”
approximates the formula (Ca, Mn, Na), ,,(Sb, Ti, Al,
Fe3*, Nb, As>*),06 where m ~ 1.

Hydrothermal veins

Roméite has also been reported from hydrothermal vein
deposits such as, e.g., the fluorite-barite vein of Grube
Clara, Germany (spherulitic roméite on barite and
fluorite crystals; Walenta 1975), quartz-sulfides-carbon-
ate veins in the Schneeberg complex, Austria (latest
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Fig. 6 (Sb+AI*"+Fe* +Nb+As) versus Ti (molar ratios) plot of EMP
analyses of “lewisite” from Tripuhy, Brazil

filling in cavities; Schaller 1916), and a quartz-stibnite
vein at Massiac, France (Périchaud 1971).

At Massiac, roméite occurs as a cryptocrystalline,
yellow alteration product of stibnite. It contains mainly
Ca and Sb and only small amounts of Na,O, FeO and
Ce,05 (<1 wt% each), and is devoid of F (<0.05 wt %;
cf. Table 2, analysis 15). The low analytical total points
to a H,O content of approx. 13 wt%. In view of the
findings of Ercit et al. (1994) for kalipyrochlore, H,O is
probably located on both the Y- and A-sites.

X-ray diffraction data for roméite and “lewisite”

Roméite from Praborna (containing 0.76 wt% F; see
Table 2, analysis 1) shows d-values that are not listed on
the JCPDS 27-89 card (Roméite, Langban, with
3.50 wt% F); these are located at 2.356 A, 2.096 A and
1.186 A (Table 4).

Indexing the powder diagram of “lewisite” from
Tripuhy could not be achieved as accurately as that of
roméite; therefore, one sample was studied by single-
crystal diffraction (Weissenberg and precession cam-
eras). A cubic cell with ¢=10.29(2) A was found, and
systematic extinctions indicate the space group Fd3m.
The cubic symmetry is also indicated by the octahedral
shape of the crystals. Optically, however, the crystals are
anisotropic and appear as aggregates of microscopic
subgrains. This feature could be due to a phase transi-
tion similar to that observed at Alto do Giz pegmatite,
Brazil, where parabariomicrolite occurs as an alteration
product of microlite (Ercit et al. 1986); this transfor-
mation of the pyrochlore structure into a structure with
hexagonal symmetry is explained as resulting from or-
dering of the A-site vacancies. A similar mechanism
could possibly also explain the appearance of the Trip-
uhy “lewisite”: some parts are transformed into a hex-
agonal phase, but most of it is still in the original cubic
state.
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Table 4

Powder diffraction data for roméite from Praborna and Fianel, and for “lewisite” from Tripuhy

Roméite®
Praborna (H41)

Roméite®
Fianel (H40)

“Lewisite” Tripuhy, JCPDS 7-66
cubic hexagonal

h k 1 dmcas. 1/10 dcalc dmcas. 1/1() dcalc dmcas. 1/1() dcalc dcalc
1 a 1 1 1 5.940 38 5932 5931 37 5.931 5.84 20 5.94 5.87
2 a 1 1 3 3.100 28 3.098  3.097 40 3.097  3.08 30 3.1 3.08
3 & 2 2 2 2.968 100 2.966  2.965 100 2965 2.94 100 2.97 2.93
4 a 0 0 4 2.570 20 2.569  2.568 33 2.568  2.55 30 2.57 2.54
5 3 3 1 2.356 6 2.357
6 4 2 2 2.096 2 2.097
7 a 3 3 3 1.978 23 1.977 1977 15 1.977  1.966 30 1.980  1.971
9 a 0 4 4 1.817 45 1.816  1.816 67 1.816  1.813 100 1.819 1.813
10 a 1 3 5 1.737 9 1.737 1.736 12 1.736 1.734 30 1.739 1.736
11 a 3 3 5 1.567 6 1.567  1.567 8 1.566
12 4 2 2 6 1.549 39 1.549 1.549 56 1.549  1.548 100 1.551 1.552
13 a 4 4 4 1.483 9 1.483 1.483 14 1.483 1.483 30 1.485 1.481
14 a 1 5 5 1.439 7 1.439 1.438 10 1.438 1.438 30 1.441 1.436
15 "* 3 5 5 1.337 9 1.338 1.337 13 1.337  1.337 30 1.339 1.337
16 . 0 0 8 1.284 6 1.284  1.284 11 1.284  1.284 30 1.286  1.287
17 7 5 1 1.186 3 1.186
18 a 6 6 2 1.178 15 1.178 1.178 24 1.178 1.179 50 1.180  1.794
19 a 8 4 0 1.148 13 1.149  1.148 21 1.148 1.150 50 1.150  1.154
20 1.127 20 1.129 1.127
21 a=10.2739(8) a=10.2720(1) 1.103 10 1.109 1.103
22 1.078 20 1.079 1.077
23 1.050 50 1.050  1.050
24 1.033 20 1.034  1.033
25 0.996 30 0.995  0.997
26 0.989 50 0.986  0.988
a=10.29(2) a=17.323(3)
c=17.61(1)

# Line indexed in JCPDS 27-89 (roméite, Langbam).
® Guinier Camera, Cu-K,,, Ni-filtered.

Discussion

Geology of roméite

As described above, roméite is formed at different con-
ditions in two very different geological environments:
(1) in metamorphosed Mn-deposits during the retrograde
metamorphism, and (2) in hydrothermal vein deposits
during late hydrothermal stages or during weathering.
Type (1) includes the famous deposits of Langban and
Jakobsberg in Vermland, Sweden (Bostrom et al. 1979).
All roméite-bearing Mn-deposits described in this paper
are most likely of synsedimentary exhalative origin. We
therefore conclude that such a geochemical environment
is favorable for roméite crystallization during meta-
morphism. Roméite thus can be taken as a good indi-
cator for the synsedimentary exhalative origin of a
metamorphosed Mn-deposit.

Crystal chemistry

The A- and B-site contents of roméite from the deposits
of Val Ferrera and Praborna can be described in terms
of three hypothetical end-members which are related to
each other by three substitutions (see Fig. 3a).

Compositions near (3) ACa, A1, s2Sb,Os(F,OH) and
(1) ANa*CaPSb,04(F,0H) were identified, but no more
than 60% of (2) ACaZBTiB SbO¢(F,OH) component
were observed. Only one grain from Fianel was found to
lie along vector (b). Moreover, a large compositional
gap appears between end-members (1) and (3) along
vector (a). The two “lewisite” grains studied differ in the
composition of the B-site [vector (e)].

Ce enters the roméite structure mainly along
(d) ~CeBTi,ANa_,BSb_, at Starlera and along a linear
combination of vectors (a), (b) and (d) at Fianel. The
role of H,O is not important on the A-site in the samples
from metamorphosed deposits; only at Schmorrasgrat a
limited amount may be present. The situation is different
for roméite formed in sulfide veins, as it contains sig-
nificant amounts of water (about 13 wt%) and a rela-
tively high cation vacancy on the A-site.

The Y-site in roméite has a composition that is dis-
tinct for each deposit. Hydroxyl is dominant at Pra-
borna, whereas fluorine dominates at Fianel (Fig. 3c);
the Y-site of “lewisite” from Tripuhy is vacant. At
Praborna, substantial amounts of O appear to enter the
Y-site along (c) *NaY(OH)*(M>*)_,YO_,.

Betafite is typically found in igneous rocks, mainly
carbonatites and pegmatites (cf. Kennedy 1979;
Lumpkin and Ewing 1985, 1996), and its occurrence in a
sediment-hosted metamorphosed deposit is very unusu-



al. Moreover, this is the first documentation of sub-
stantial amounts of Sb>* in betafite which additionally is
very rich in Ti (cf. data of Hogarth 1977).

Nomenclature and “‘lewisite’ status

The fact that roméite from different localities, each of
which has a distinct geological history, displays con-
trasting chemical compositions, requires a more differ-
entiated nomenclature. A simple way to account for this
variability is to indicate the dominant Y-site species
using a prefix such as hydroxyl-, fluor- or “Y-vacant-".
Note that in the pyrochlore-group s.l. (Aleph Computer
1995), no IMA-accepted species is given with F as
dominant anion on the Y-site. In the literature, however,
pyrochlore group minerals dominated by F have been
described (e.g., Lumpkin and Ewing 1985, pyrochlore
with 3.30 wt% F). A more complete, albeit complex
way, would be to take into account structural end-
members based on the A-site occupancy (see Fig. 7).
Generally speaking, roméite should be assigned a sub-
group status within the pyrochlore group. Ce and Nb
are typical elements in the pyrochlore s.s. minerals, and
an intermediate composition between betafite and ro-
méite has been discovered at Fianel (Table 2, analysis 6).
Our data suggest that “lewisite” is a mixture of
roméite and a phase which is structurally related to
pyrochlore and develops at the expense of roméite.

Alteration

Alteration is the main factor controlling the A-site va-
cancies in pyrochlore s.s.: leaching of Na is typically
observed during “primary” alteration (hydrothermal
conditions), whereas a trend towards high degree of A-
site cation vacancy is typical for “secondary’ alteration
(near-surface conditions; Lumpkin and Ewing 1992,
1995). Lumpkin and Mariano (1996), however, recently
documented that the conditions during crystallization
may sometimes also control the A-site vacancies (e.g., in
carbonatites).

In roméite from Val Ferrera, the altered zones are
characterized, relative to the undisturbed matrix, by
higher Ce, Nb, W, As and U contents, by a higher Ti
content negatively correlated to Na, and by a lower F
content. This type of alteration is similar to the “primary”
alteration defined in pyrochlores s.s. (arrow in Fig. 7).

The roméite from hydrothermal veins (e.g. Massiac)
and ““lewisite” display high cation vacancies on the A-
site. This is not the result of ““secondary’ alteration, but
it reflects special conditions during crystallization.

Implications for element mobility in the deposits
of Val Ferrera

The complex crystal chemistry of roméite records
characteristics of the fluid chemistry during mineral
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Fig. 7 Triangular plot of EMP analyses of Table 2 displaying the
chemical composition of the A-site. Note that the A-site “vacan-
cies” () may host HyO-groups (cf. also Table 1). The arrow shows
the alteration trend for the roméite from Fianel (corresponding to
“primary” alteration of Lumpkin and Ewing 1992)

growth and subsequent alteration. For example, at
Schmorrasgrat, roméite is an accessory vein mineral
whose chemical composition (As- and Mn-rich) is re-
lated to the dominant vein mineral (johninnesite).

The correlation between Ti and Ce in roméite is dif-
ferent for each locality and generation (Fig. 3b); more-
over, Ce is enriched only if Ti> 0.2 atoms pfu. The good
positive correlations between Ce and Ti at Fianel and
Starlera indicate that a similar trend existed also in the
fluid. At Fianel, the data further suggest that the activ-
ities of Ti and Ce in the fluid increase during the crys-
tallization of roméite. The poor correlation between Ce
and Ti for the Val Sterla samples, suggesting disequi-
librium between fluid and rock, supports the interpre-
tation of the oscillatory zoning as the result of
geochemical self-organization (Ortoleva 1994). At Val
Sterla, the replacing roméite has chemical and textural
features similar to the primary roméite, suggesting that
its formation could be related to the same fluid that
produced the primary roméite.

This study of the crystal chemistry of roméite sup-
ports the observation of Gieré (1990), that Ti and REE
often migrate together in hydrothermal environments.
Moreover, it allows to recognize mobility of Nb, W, As,
V in the ores of Val Ferrera during roméite alteration at
lower greenschist facies conditions.
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