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ABSTRACT

Niobokupletskite is a new member of the astrophyllite group found in nepheline syenite pegmatites at Mont Saint-Hilaire,
Quebec, in association with aegirine, albite, analcime, calcio-ancylite-(Ce), calcite, catapleiite, epididymite, fludritejtgent
microcline, natrolite, pyrochlore, rhodochrosite and wurtzite. It is transparent, with a vitreous luster, brittle witht §39dfec
cleavage, and has an uneven to splintery fracture. Niobokupletskite is biaxial positivd8(1),8 1.733(1),ycarc 1.750(1),
2Vmeas= 87(2Y. It is triclinic, P1, a 5.4303(9),b 11.924(2),c 11.747(2) A,a 112.927(3),8 94.750(3),y 103.175(3),

V 669.5(3) R. The average result of three electron-microprobe analyses 46 X&2, KO 5.97, RO 0.82, CsO 0.12,
MgO 0.15, MnO 26.37, FeO 2.64, ZnO 4.08,@{ 1.14, TiQ 1.34, ZrQ 3.43, NhOs 12.13, TaOs 0.63, SiQ 31.85, F 0.14,
H>O(calc.) 2.48, total 95.85 wt.%, corresponding tq ¢fRbo.13C.01)s1.08N@0.95 (MNs 40ZN0.73€0.59N@0.29MJo.05)s6.99
(Nby1.33Zr0.40T10.24T @0.04)5.2.01 (Si7.71Al 0.32)38.03 O26(OH)4.00(O0.89F0.11)s1.00 ON the basis of 31 anions, or, ideally,
KoNa(Mn,Zn,Fe)(Nb,Zr, Ti):SigO26(OH)4(O,F). Niobokupletskite is a heterophyllosilicate witH@H-structure consisting of a
sheet of close-packed octahedBasheet) sandwiched between two heterogeneous shesteéts) with a Si:Nb ratio of 4:1. It
forms a solid-solution series with kupletskiia the coupled substitution “fi+ F~ or OH < Nb°* + O>~. Niobokupletskite is a
postmagmatic phase and possibly the result of late-stage remobilizatiorviaf Ibte oxidized aqueous fluids.

Keywords niobokupletskite, astrophyllite-group mineral, new mineral species, crystal structure, heterophyllosilicate, solid-
solution series, kupletskite, Mont Saint-Hilaire, Quebec.

SOMMAIRE

La niobokupletskite est une nouvelle espéce minérale, membre du groupe de I'astrophyllite, que I'on retrouve dans les
pegmatites syénitiques a néphéline du Mont Saint-Hilaire, Québec, en association avec aegyrine, analcime, calcite, catapléite,
épididymite, fluorite, genthelvite, microcline, natrolite, pyrochlore, rhodochrosite et wurtzite. C’est un minéral transpecent,
éclat vitreux, cassant, avec un clivage {001} parfait et une fracture irréguliére a fibreuse. La niobokupletskite esithiaxe pos
aveca 1.718(1),8 1.733(1),Ycaic 1.750(1), ¥opserve= 87(2F. Le minéral est triclinique, groupe spatil, avec parametres
réticulairesa 5.4303(9)b 11.924(2)¢ 11.747(2) A 112. 927(3)B 94.750(3);y 103.175(3), etV 669.5(3) &. La moyenne de
trois déterminations de la composition par microsonde électronique a dop®é2 83, KO 5.97, RO 0.82, Cs0 0.12, MgO
0.15, Mn0 26.37, FeO 2.64, ZnO 4.08;®4 1.14, TiG 1.34, ZrQ 3.43, NbOs 12.13, TaOs 0.63, SiQ 31.85, F 0.14, bD(calc.)

2.48, somme 95.85% en poids, ce qui correspond a la formule structurgd@tis C.01)s.1.908\0.09Mns 40ZNo 7F €0 53N&0 28
Mgo.09s6.99 (NP1 33210.40Ti0.24T 80.04)52.01 (Si7.71Al 0.32)38.04026(OH)a.0d Q0.8 0.11)51.00 SUr UNE base de 31 anions, ou, de fagon
idéale, kkNa(Mn,Zn,Fe)(Nb,Zr,Ti),SigO26(OH)4(O,F). La niobokupletskite est un hétérophyllosilicate ayant une stitd@ire
composée d'une couche d'octaédres avec entassement maximal se retrouvant entre deux couches hétérogarpayantiches

un rapport Si:Nb de 4:1. Elle fait partie d’'une solution solide avec la kupletskite selon la substifiitioR iu OH < Nb>*

+ 0% La niobokupletskite est d’origine postmagmatique et provient possiblement d’'une remobilisation tardive du Nb par le biais
d’'une phase aqueuse tardive oxydée.

Mots-clés niobokupletskite, minéral du groupe de I'astrophyllite, Mont Saint-Hilaire, Québec, nouvelle espéce minérale, struc-
ture cristalline, hétérophyllosilicate, solution solide, kupletskite.

§  E-mail addressppiilon@science.uottawa.ca
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INTRODUCTION Three distinct types of niobokupletskite have been
discovered, each with its own specific occurrence and
Niobokupletskite, ideally KNa(Mn,Zn,Fe} associated mineral assemblage. Type-I niobokupletskite
(Nb,Zr,Ti),SigO26(OH)4(O,F), is a new member of the (holotype material) occurs as anhedral to subhedral,
astrophyllite group discovered in the nepheline syenifdaty to tabular, light beige to yellow epitaxic
pegmatites in the Poudrette Quarry at Mont Sainbvergrowths on primary, dark brown kupletskite asso-
Hilaire, Québec. With the addition of niobokupletskiteciated with aegirine, albite, microcline and pyrochlore.
the Nb-dominant analogue of kupletskite, eight specidhe primary kupletskite is zoned; it possesses a rela-
of astrophyllite-group minerals are now recognizetively Ti-rich core and a Nb-enriched rim; this zonation
(Table 1). Niobokupletskite is the third member of thés indicated by an arrow in Figure 1B, with dark zones
astrophyllite group, along with astrophyllite andn this back-scattered electron (BSE) image correspond-
kupletskite, to be described from this locality (Horvatling to Ti-enrichment, and light zones indication of Nb-
& Gault 1990). The name niobokupletskite comes fromnrichment. Type-II niobokupletskite occurs as a dense,
the fact that it is the Nb-analogue of kupletskitéibrous, light yellow-brown overgrowth on coarse-
(Semenov 1956). The mineral species and the name
have been approved by the IMA Commission on New
Minerals and New Mineral Names. Holotype materis
has been deposited at the Canadian Museum of Nat
Ottawa (catalogue no. CMNMC 82924). The purpog
in this paper is to describe niobokupletskite, discuss
structure in relation to kupletskite, and to comment d
its paragenesis. Extensive information concerning t
structure and chemical variations of a large sui
of astrophyllite-group minerals, including nioboku
pletskite, will be presented in future papers.

OCCURRENCEAND DESCRIPTION

Mont Saint-Hilaire (MSH), located 40 km east .
of Montreal, Quebec, is one of ten early Cretaceo
alkaline intrusions collectively referred to as th¢
Monteregian Hills (Adams 1903). The peralkaline Eaj
Hill Suite is host to a variety of petrological microenvi-
ronments (Piiloneret al. 1998), all of which contain
astrophyllite-group minerals except for the so-calle]
marble xenoliths. Niobokupletskite occurs in nephel
syenite pegmatites as a late-stage mineral.

TABLE 1. MEMBERS OF THE ASTROPHYLLITE GROUP

Species Formula
(=}
! Niobokupletskite K,Na(Mn,Zn,Fe),(Nb,Zr,Ti),S1,0,,(OH),(O,F) o
[ =]
? Kupletskite (K, Na),(Mn,Fe? ) ATi,Nb),Si,0,,(0,0H), =
* Cesium-kupletskite (Cs.K,Na),(Mn,Fe,Li),(Ti,Nb),8i;0,(0,0H,F), _ﬂ
* Astrophyllite (K, Na),(Fe?' M), Ti,8i,0,,(0,08), £
* Magnesium astrophyllite K,NaNa(Fe,Mn) Mg, Ti,Si0,,(OH) (OH,F),

Fic. 1. Back-scattered electron images of type-l nioboku-
¢ Niobophyllite (K, Na)(Fe* Mn)(Nb,Ti),Si40,(0.0HF), pletskite. A. Nb-rich kupletskite (Kpt, dark grey) with
irregular zonation and a sharp contact with nioboku-
pletskite (Nkpt, light grey). Note the pyrochlore inclusions
* Hydroastrophyllite (H,0,K,Ca),(Fe' M), (Ti,$5,(0,08);, (white) along fractures in the kupletskite. B. Nioboku-
pletskite (Nkpt) rimming kupletskite (Kpt). The zoning in

* his study, * Semenov (1956), * Efimov ef al. (1971), * Peng & Ma (1963), * Shi et the kupletskite is from Nb-poor to Nb-rich in the direction
al. (1998), ° Nickel et al. (1965), " Kapustin 1973, * Hubei Geological College (1974). of the arrow (dark to medium grey). Scale bar: L8

7 Zircophyllite (K,Na,Ca),(Mn,Fe?*),(Zr,Nb),8i;0,,(OILF),
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grained primary kupletskite associated with primary and %%
secondary aegirine, albite, calcio-ancylite-(Ce),
catapleiite, microcline, natrolite, pyrochlore and rhodo- 97 4
chrosite. Type-lll niobokupletskite occurs as an over;
growth on primary kupletskite as very fine-grained %5
bronze to silvery brown acicular crystals in sheaf-lik&
aggregates, originally described as “witch’s broorﬁf 03 1
astrophyllite” (Wight & Chao 1986). Type-IIl nioboku-
pletskite is associated with primary and secondary?!
aegirine, albite, analcime, calcio-ancylite-(Ce), calcite,
catapleiite, epididymite, fluorite, genthelvite, micro- 01 ; T ; ‘ ;
cline, natrolite, pyrochlore, rhodochrosite, and wurtzite. 4000 3400 280 2200 1600 1000 400
Niobokupletskite has a perfect {001} cleavage, is Waverumber (e )
vitreous, brittle, and has an uneven to splintery fracturge' 2.
It does not fluoresce under either short- or long-wave
ultraviolet light. It has a Mohs hardness of 3 to 4.
Niobokupletskite sinks in methylene iodide (density of
3.325 g/cr) and has a calculated density of 3.46 glcmRbg 15CS0.01)s1.908 Nag.9s(Mns 40ZNg 79- € 53N ag 28
Niobokupletskite is biaxial positive, with indicesMgo.0s)s6.99 (ND1.332r0.40Ti0.24T80.04)32.01 (Si7.71Al 0.32)
of refractiona 1.718(1),8 1.733(1), andycaic 1.750 s8.03 O26(OH)a.00O0.890.11)31.00 OF, ideally, KNa
(for N = 598 NM); ¥meas= 87(2F (Kamb’s method). (Mn,Zn,Fe) (Nb,Zr,Ti),SigO26 (OH)4(O,F). Chemi-
A measured value foy could not be obtained owing to cally, type-1l and type-IIl niobokupletskite differ from
the orientation of the selected grain on the spindle. Thize type material only by being deficient in Zn (<0.04
optical orientation iZ = ¢ with X andY in the (001) atoms per formula unigpfuy, Table 2).
plane. It is pleochroic witiX = Y light orange-yellow,

Infrared transmittance spectrum of niobokupletskite.

andZ red-brown. A Gladstone—Dale calculation gives a INFRARED ANALYSIS
compatibility index of 0.005, which is regarded as
superior (Mandarino 1981). The infrared spectrum of niobokupletskite was
obtained using a Bomem Michelson MB—-100 Fourier
CHemicaL ComPOSITION transform infrared spectrometer equipped with a mer-
cury cadmium telluride (MCT) detector. A single crys-
Chemical analyses of type-l, -Il and -lll nioboku-tal of the type material was initially dried in an oven at

pletskite were done on a JEOL 733 electron microprots®°C for 30 minutes, mounted in a diamond-anvil
at the Canadian Museum of Nature using Tracor Nortmicrosample cell, and the spectrum collected over the
ern 5500 and 5600 automation in wavelength-dispersioange of 4000 to 400 cth The absorbance spectrum
mode. The operating conditions were as follows: bea(fig. 2) shows broad peaks in the high-frequency range
diameter 2Qum, operating voltage 15 kV, and a beanf4000 to 1000 cr) attributable to O-H stretching
current of 20 nA. Data reduction was performed using(8626 cm* and associated shoulder centered at 3396
PAP routine in XMAQNT (C. Davidson, CSIRO).cnT}), and a weak peak at 1647 Tnattributable to
Overlap corrections for 3{@)-SrlLa), Zr(LB)-Nb(La) H-O-H bending of absorbed or moleculaOH{Farmer
and MnKB)-Nb(La) were done. A total of 24 elements1974). The lack of recognizable;® in the structure
were sought, and the following standards werkefinement suggests that this contribution is likely due
employed: Na-amphibole (Max, SiKa), sanidine to adsorbed water not driven off during the drying pro-
(KKa, AlKa), diopside (CKa«, MgKa), tephroite cess. The middle- to lower-frequency end of the spec-
(MnKa), almandine (Féa), rutile (TiKe), synthetic trum (1000 to 400 cr) is characterized by symmetric
MnNb,Og (NbLa), vlasovite (Zta), zincite (Zria), Si—O stretching (964 and 812 cthand bending
phlogopite (Ka), pollucite (C&a), celestite (Jra), (696 and 654 cm). Low-frequency bands at 457, 418
sanbornite (Bla), synthetic rubicline (Rbw), synthetic  and 405 cm'can be attributed to Mn—O stretching
NiTa;Og (TaMa), and hafnon (H¥lc). Count times for (Farmer 1974).

all elements were 25 seconds or 0.5% precision, which-

ever was obtained first, except for Cs and Rb (100 sec- M 6SSBAUER SPECTROSCOPY

onds), and Hf (50 seconds). Also sought but not detected

were La, Ce, Yb, P, Th, Pb, Ni, V, U, W, Sc, S and Mo. The wide range of chemical compositions and the
Complete electron-microprobe data can be found presence of structural vacancies preclude the possibil-
Table 2. Chemical formulae were calculated on the bagig of using stoichiometry to calculate #4-€** values

of 31 anions, as determined during crystal-structuig astrophyllite-group minerals. Mdssbauer spectros-
analysis. The average of three compositions of typesdpy was therefore employed to determine the propor-
niobokupletskite gives the empirical formula (i tion and distribution of F& and F&* in niobokupletskite
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TABLE 2. CHEMICAL COMPOSITION OF NIOBOKUPLETSKITE*, MONT SAINT-HILAIRE, QUEBEC

TYPEI TYPE TYPE TYPEL TYPE TYPE
i I I 1

Oxide 1 2 3 Ave. Oxide 1 2 3 Ave.

Na,0 wt.% 2.69 249 267 2.62 237 2.66 Formula based on 31 anions

K,0 6.03 5.92 595 597 6.04 5.76

Rb,0 0.82 0.81 0.84 0.82 0.66 091 K apfu 1.85 1.83 1.84 1.84 1.83 1.75

Cs,0 0.12 0.13 0.10 0.12 0.00 0.00 Rb 0.13 0.13 0.13 0.13 0.10 0.14

Ca0 0.00 0.00 0.00 0.00 0.10 0.03 Cs 0.01 0.01 0.01 0.01 0.00 0.00

S10 0.00 0.00 0.00 0.00 .04 0.00 Sr 0.00 0.00 0.00 0.00 0.01 0.00

MgO 0.13 0.15 0.18 0.15 0.18 0.43 Na 0.00 0.00 0.00 0.00 0.07 0.19

MnO 26.11 26.40 26.61 26.37 26.60 30.13 Sum A 1.99 1.97 1.99 1.98 2.01 2.08

FeO 2.63 273 2.55 2.64 7.44 37

ZnO 4.31 4.29 3.65 4.08 025 0.00

ALO, 1.21 1.02 1.20 1.14 118 1.69 Na 0.90 0.98 0.97 0.95 1.04 1.18

TiO, 112 1.26 1.65 134 1.63 1.67 Ca 0.00 0.00 0.00 0.00 0.03 0.01

Zr0, 323 4.23 2.84 3.43 4.80 3.56 Sum B .90 0.98 097 0.95 1.00 1.00

HfO, 0.00 0.00 0.00 0.00 0.04 0.00

Nb,O; 12.84 11.54 12.00 12,13 10.64 11.40 Na 0.35 0.20 0.29 0.28 0.05 0.05

Ta,0, 0.44 0.74 0.71 0.63 0.48 0.25 Mg 0.05 0.05 0.07 Q.05 0.06 0.15

Sio, 31.93 31.80 31.82 31.85 32.06 31.86 Mn 531 5.43 5.48 5.40 5.36 6.06

F 0.43 0.00 0.00 0.14 0.34 0.29 Fe?' 0.53 0.55 0.52 0.53 1.48 0.74

H,0 2.50 2.47 2.47 2.48 2.52 2.52 Zn 0.76 0.77 0.66 0.73 0.04 0.00
Sum ¢ 7.00 7.00 7.00 7.00 7.00 7.00

O=F -0.18 0.00 0.00 -0.06 -0.14 -0.12
Ti 020 0.23 030 0.24 0.29 030

Total 96.36 95.98 95.24 95.85 97.23 96.75 Zr 0.38 0.50 0.34 0.41 0.56 041
Hf 0.00 0.00 0.00 0.00 0.00 0.00
Nb 139 127 132 1.33 1.14 1.23
Ta 0.03 0.05 0.05 0.04 0.03 0.02
Sum D 2.00 2.05 2.00 2.02 2.03 1.95
81 7.67 1.72 7.73 7.71 7.62 7.57
Al 0.34 0.29 0.34 0.33 0.33 0.47
Sum 7 8.01 8.01 8.08 8.03 7.96 8.04
o] 26.67 27.00 27.00 26.89 26.74 26.78
OH 4.00 4.00 4.00 4.00 4.00 4.00
F 0.33 0.00 0.00 0.11 0.26 0.22
Z anions  31.00 31.00 31.00 31.00 31.00 31.00
Z cations  19.90 20.01 20.03 19.98 19.98 20.07

* Electron-microprobe data.

and to shed light on the oxidation conditions at the tin@btain a flat background. Spectra were fitted with the
of crystallization. Insufficient quantities of holotypeVoigt-based quadrupole-splitting distribution method of
(type-1) niobokupletskite precluded the possibility oRancourt & Ping (1991), as implemented in the program
obtaining a Mdssbauer spectrum; an absorber forRECOIL (Lagarec & Rancourt 1998).
sample of fibrous type-Il niobokupletskite was there- The Md&ssbauer spectrum of niobokupletskite is
fore prepared by crushing an ideal mass of sampBown in Figure 3, and the site-distribution parameters
[55.1 mg, calculated using the technique of Ranaeturtand associated errors, in Table 3. The spectrum is char-
al. (1993)]. Crushing was done in acetone to minimizacterized by three main absorption peaks at approxi-
oxidation in the presence of atmospheric oxygen. Theately —0.07, 0.81 and 2.33 mm/s, corresponding to:
powdered niobokupletskite was suspended in petroleyh) the sum of the low-energy lines froffiFe?*
jelly to ensure a random orientation of crystals withiand ®/Fe** doublets, (2) the high-energy lines from
the circular aluminum mount (aperture: 1.0 cm, thick®!Fe** doublets, and (3) the high-energy lines from
ness: 0.6 cm). [BlFe?* doublets, respectively. All Fe is found to be
The spectrum was obtained using@o source in a located in the sheet of octahedra (see below). The domi-
rhodium matrix at room temperature {€). The trans- nant feature in the spectrum is a wide doublet, attribut-
ducer was employed in constant-acceleration mode owadle tolflFe2* (modeled as having three Gaussian
a Doppler velocity range af4.0 mm/s, with fixed dis- components), which has an average center shift (CS) of
tances between the absorber and source and betweerlth8 mm/s (with respect @-Fe at room temperature)
absorber and detector of 3.0 and 7.0 cm, respective#ind an average quadrupole-splitting distribution (QSD)
Spectra were calibrated with 8ffre-enriched iron foil. of 2.33 mm/s. The low-energy side of this doublet dis-
Data were collected in 1024 channels and folded tdays a pronounced shoulder as a result of the presence
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Fic. 3. Mdssbauer spectrum of Type-II niobokupletskite. The solid line through the spectral
data represents the best fit. The subspectral contributions correspon8ifgtand
[BIFe* are shown superimposed on the data. The difference between the observed and
calculated spectrum is shown on an exaggerated vertical scale at the top of the figure.

of a second doublet (modeled as two Gaussian commitained from analysis of the spectral areas is 0.215(7),
nents), with an average CS of 0.38 mm/s and an aveorresponding to 0.38fuFe**, a high value compared
age QSD of 0.81 mm/s, correspondifife’*. There is to those obtained for other samples of astrophyllite-
no evidence foFIFe**. The resultant Fé/Feq ratio  group minerals from a variety of intrusive complexes
(average F¥/Feq ~ 0.07, P. Piilonen, unpubl. data).

TABLE 3. MOSSBAUER SITE DISTRIBUTION PARAMETERS FOR X-Ray CRYSTALLOGRAPHY
TYPE-1I NIOBOKUPLETSKITE
m/s [ A ts-mm/s A-/A . . .
o NI aos) Tiseontison v A A chemically homogeneous grain of type-I niobo-
e 0.38(3) 0% 32500(1300) 1* kupletskite (0.21x 0.19X 0.02 mm) was selected from
@® on those within the electron-microprobe epoxy mount for
P : 8 .
) (mums) (mms) a_smglt_e-crystal X-ray-dlffractlon_ study. X-ray powder-
Fe?* comp.1 46 2.24(5) 0.5(1) diffraction data were collected with a 114.6 mm Debye—
comp. 2 7(15) 1.98(2) 0.2(2) . - i
omn3 460) 2470 020(4) Scherr_er camera with @ radiation (Ni-filtered),
Fe* comp. 1 27 0.6(1) 02(2) operating at 45 kV and 20 mA, and are presented
comp.2  73(3) 0.8(3) 0.7(1) in Table 4. X-ray intensity data were collected using
the Siemens SMART (Siemens Molecule Analysis
<CS> <JAP> stdev skew . X .
(mmls) (mms) 1AD 4AD Research Tool) system at the University of Ottawa; it
Fe’t 1.13 233 0.39 -0.41 consists of a PLATFORM three-circle goniometer and
ch - 2_00(-)368 081 0.52 089 a 1 K (diameter: 9 cm (512 pixel) charge-coupled de-
Site papalations (%): K& TRS(T)  Ke* 2L5) vice (CCD) area-detector. Data were collected at room

* fixed valuc temperature using monochromatic Kto X-radiation
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TABLE 4. X-RAY POWDER-DIFFRACTION DATA TABLE 5. MISCELLANEOUS DATA: NIOBOKUPLETSKITE
FOR NIOBOKUPLETSKITE
Space GmupPT Diffractometer SIEMENS CCD
e e L Ly BH dow A L L B a(A) 5430309 Radiation MoK (40 kV, 30 mA)
b 11.924(2) Crystal Shape  plate
10.707 10619 100 100 001 2409 2412 10 6 T4l ¢ 11.747(2) Crystal Size 0.21x 0.19x 0.02 mm
. . . X o -1
10.532 38 o0 5403 e T4 o) 112927(3) i (MoKo) 533 cm
9883 982 <5 17 0Tl 2322 2325 10 4 212 B 94.750(3) Min/Max Trans. 0.343/0.664
5.829 <1 012 2308 2308 10 5 131 Y 103.175(3) E-11 0.985
5840 5785 5 12 071 2.299 5 144 V(A% 669.5(3) CFOM 1.08
4405 4432 20 10 111 2.254 2255 <5 <1 051 7z 1
4.367 5 120 2250 7 213
4346 3101 2222 2223 <5 3 241 s . . \ THASi .
4338 7 m 2216 - ;Jélel:zrfucal Formula KZNA(MH,an;);(:Ib,Z:’?)‘QsﬁlSOZG(OI1)4(0,F)
4100 4008 <5 <1 012 2203 2 21 ) Range 82520 <57,
4.083 6 021 2130 2.124 5 3 T42 Min/Max Indices -7<h<7, -11gk<16, -15<I<15
3816 3.795 5 3 121 2.124 3 005 No. of Unique Reflections 3023
3.778 2 IR 2118 2118 5 1 140 No. of Observed Reflections 1779
2536 g;ﬁé % 48 ggg 2056 ;-éég < i ;; Criterion for Observed Reflections Fo>4G(F,)
: . : . : o
3.539 o 1 2023 2025 <5 3 132 Flﬁiﬂ(l; )( %) ‘?;;)Zz
3204 3281 20 13 7103 2.017 3145 ;’ E(IF"‘ — :
2 033 1995 1999 <5 2 7151 == ot e,
3.147 ;?;73 <5 022 1.987 2 214 WRI=IEOON - EEIWESY]T w= Vo) —
3.108  3.099 <5 11 122 1.983 2 732
3.046 <1 123 1.933 1.930 <5 1 015
3.047 3.044 <5 10 123 1.928 2 063 i .
2.996 5 013 1.774 7 133 data collection and crystal structure can be found in
2.993 2 131 1.769 1.767 5 7 146 B . .
2088 2080 <5 <1 031 L7 » 2 lable 5. The structure of niobokupletskite was refined
2887 2886 5 5 133 1.762 1 330 by least-squares methods using the SHELXL-93 set of
287 P (VAT 7 4 programs (Sheldrick 1993), with starting parameters
2831 4 121 1633 164 <s a4 14 taken from Christianseat al (1998) for kupletskite
2824 282 <51 1l 1634 2 27 from Kangerdlugssuaq, Greenland. During the initial
2.819 2 132 1.631 2 240 f M h d . h d ” d d
2793 2787 40 22 T3l 1628 4 1 refinement, Mn, the dominant octahedrally coordinate
2.784 23 132 1.628 2 235 cation indicated by the analytical results, was assigned
2677 2679 30 19 211 1.589 1.589 5 9 351 . .
7668 g L339 o 3 0M(1)-M(4), whereas Nb was assigned to Ehsite
2.655 10 004 1575 1575 <5 <1 233 on the basis of the analytical data. Refinement of the
2T AT e <1 2% site-occupancy factors resulted in values less than unity
2503 2504 20 16 212 1572 1 3 for M(1) andD, and values greater than unity fd(2),

M(3), andM(4). Sodium was assigned (1), and Ti
CuKu radiation, Ni-filtered, 45 kV, 20 mA, 24-hour exposure, Debye-Scherrer was aSSigned tD. Zinc, a heavier X'ray scatterer than
camera 114.6 mm in radius, with intensities visually estimated. The values of d are Mn and the second most abundant eleme@tancord-
expressed in A ing to the electron-microprobe data, was assigned to
M(2), M(3) andM(4); the pattern of order of Zn over
(40 kv, 30 mA) and a fixed detector-crystal distance dhese four sites is discussed below. The shape of the
12.621 cm. A frame widthu) of 0.3 and count expo- anisotropic displacement ellipsoid of the site to which
sure times of 30 seconds per frame were the stand#&ris assigned suggests that it is positionally disordered;
setting. A hemisphere of data was collected for 4£.82it was therefore modeled as two split sitd&(1a) and
20 < 57.26, with minimum and maximum indices<7 [1K(1b), displaced 0.36 A from each other alotg
h<7,-11< k< 16, and —1% | <15. The data were Displacement factors fak(1a) andK(1b) were con-
reduced, filtered, integrated, and corrected for Lorentgtrained to be equal and refined isotropically. The struc-
polarization and background effects using the Siemenge refined toR = 9.40% and ®? = 26.11% with
program SAINT. AW-scan data set of 724 reflectionssotropic displacement factors, andRo= 5.97% and
was used during absorption corrections, using the pnwR2 = 19.22% with anisotropic displacement factors.
gram XPREP with the crystal modeled as an ellipsoiin isotropic extinction correction was applied but did
using the program XPREP. The mergRglecreased not improve the results. The high fifdlalue is attrib-
from 14.14% before the absorption correction to 7.89%table to slippage along the {001} cleavage, imposed
after the absorption correction, giving minimum andluring extraction of the crystal from the epoxy mount,
maximum transmission-factors of 0.343 and 0.664nd also to microfractures observed in the crystal in BSE
respectively. Phasing of a set of normalized structurenages (Fig. 1A). The final positional and isotropic dis-
factors gave a mean vall# |- 1| of 0.985, suggesting placement parameters are given in Table 6, and selected
the centrosymmetric space-groBp, a feature consis- bond-lengths are given in Table 7. Bond-valence sums
tent with other studies of triclinic astrophyllite-were calculated using parameters taken from Brese &
group minerals (Peng & Ma 1963, Woodrow 1967Q'Keeffe (1991) and can be found in Table 8. The
Christianseret al. 1998). Information pertinent to the observed and calculated structure-factors are available
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TABLE 6. POSITIONAL AND DISPLACEMENT PARAMETERS AND SITE
OCCUPANCIES FOR NIOBOKUPLETSKITE
Atom X y ¥4 sof ‘Un Uiy U3—§— Uiy Uy Uy Uﬂ__

Mn(l) 0.8511(3) 0.2057(2) 0.4794(2) 091(1) 26(9) 138(11) 163(11) 67(8) 27(7) 31(7) 106(6)
Na 0.8511(3) 0.2057(2) 0.4794(2) 0.09(1) 26(9) 138(11) 163(k1) 67(8) 27(7) 31(7) 106(6)

Mn(2) 0.2790(3) 0.0680(2) 0.4871(1) 0.90(3) 38(8) 164(11) 174(10) 91(8) 44(6) 39(7) 115(6)
Zn(2)  0.2790(3) 0.0680(2) 0.4871(1) 0.10(3) 38(8) 164(11) 174(10) 91(8) 44(6) 39(7) 115(6)

Mn(3) 0.4211(3) 0.3512(2) 0.4844(1) 0.85(3) 43(8) 154(11) 185(10) 88(8) 43(6) 35(7) 119(6)
Zn(3)  0.4211(3) 0.3512(2) 0.4844(1) 0.15(3) 43(8) 154(11) 185(10) 88(8) 43(6) 35(7) 119(6)

Mn(4) 0 0.5 0.5 0.33(2) 13(10) 131(14) 166(13) S55(10) 20(8) -4(9) 110(8)
Zn(4) (U 0.5 0.5 0.17(2) 13(10) 131(14) 166(13) 55(10) 20(8)  -4(9) 110(8)

Nb 0.0749(2) 0.0818(1) 0.1865(1) 0.90(1) 4(5) 133(6) 178(6) 77(5) 37(4) 26(4) 100(4)
Ti 0.0749(2) 0.0818(1) 0.1865(1) 0.10(1) 4(5) 133(6) 178(6) = 77(5) 37(4) 26(4) 100(4)

Si(1) 0.6786(6) 0.2745(3) 0.2314(3) 1.00 68(14) 186(18) 154(16) 103(14) 45(11) 60(12) 120(7)
Si(2) 0.8133(6) 0.5470(3) 0.2526(3) 1.00 95(14) 136(17) 146(16) 76(14) 23(12) 24(13) 122(7)
Si(3) 0.3765(6) 0.6737(3) 0.2552(3) 1.00 89(15) 167(18) 149(16) 84(14) 9(11) 18(13) 133(7)
Si(4) 0.5070(5) 0.9296(3) 0.2362(3) 1.00 49(14) 108(16) 139(15) 47(14) 21(11) 18(12) 103(7)

K(la) 0.097(6) 0.278(1) 0.995(1) 0.41(6) 433(17)
K(@b) 0.164(4) 0.2754(8) 0.9956(8) 0.43(6) 433(17)
Rb(Ib)  0.164(4) 0.2754(8) 0.9956(8) 0.065 433(17)
Na 0.5 0 0 0.45 148(39) 200(46) 147(39) 46(33) -11(28) 33(29) 179(24)

o(1) 0.728(1) 0.3194(7) 0.3832(7) 1.00 28(33) 226(45) 165(39) 102(37) 33(29) 73(32) 126(16)
0(2) 0.146(1) 0.1600(8) 0.3682(7) 1.00 134(40) 167(45) 176(41) 74(37) 21(32) 45(35) 158(17)
0@3) 0.130(1) 0.3931(7) 0.5949(6) 1.00 88(15)
OH(4)  0.295(1) 0.4631(8) 0.3991(7) 1.00 102(36) 210(44) 146(38) 84(36) 74(30) 114(34) 134(16)
OH(5)  0.993(1) 0.1179(7) 0.5944(7) 1.00 104(37) 133(42) 142(38) 23(35) 67(30) 13(32) 139(i6)
O 0.559(1) 0.2576(7) 0.5915(6) 1.00  24(32) 161(42) 107(36) 60(34) 24(28) 19(30) 96(16)
o) 0.573(1) 0.0134(7) 0.3865(7) 1.00 37(33) 74(39) 184(40) 61(34) 0(29) -11(29) 102(16)
0O(8) 0.072(2) 0.5915(8) 0.2004(7) 1.00 184(43) 284(52) 222(47) 91(43) 131(37) 36(39) 235(20)
0% 0.250(2) 0.043(1) 0.8260(9) 1.00 268(53) 597(76) 210(49) 30(51) 51(42) -337(52) 486(33)
0(10) 0.433(2) 0.4144(8) 0.7988(7) 1.00 215(46) 359(57) 186(46) 98(44) 22(37) 116(42) 254(21)
oan 0.129(2) 0.803(1) 0.8297(9) 1.00 683(78) 595(75) 238(52) 182(55) 22(51) 534(67) 431(29)
0O(12) 0.267(2) 0.954(1) 0.1723(9) 1.00 709(79) 516(72) 185(49) -78(45) -189(50) 526(65) 498(35)
0(13) 0.266(2) 0.6062(8) 0.8075(8) 1.00 508(63) 106(45) 140(41) 18(37) 35(39) 77(45) 266(22)
o4) 0.571(2) 0.2206(8) 0.8024(8) 1.00 568(66) 88(45) 206(46) 58(40) 29(44) -14(45) 311(24)
o(15) 0.385(2) 0.197(1) 0.1693(8) 1.00 308(55) 559(74) 240(50) 202(53) -56(43) -247(52) 431(30)
0(16) 0 0 0 0.50  76(52) 277(72) 213(62) 121(54) 65(42) 96(47) 172(35)

"Uij x 10°

from the Depository of Unpublished Data, CISTIniobosilicates that occur in Sj@versaturated- and un-
National Research Council of Canada, Ottawa, Ontaritersaturated alkaline rocks ranging in composition from

K1A 0S2, Canada. alkali granites to peralkaline nepheline syenites. The
crystal structure of astrophyllite was first determined by
DESCRIPTIONOF THE STRUCTURE Peng & Ma (1963) and later elaborated on by Woodrow

(1967). Since then, structural studies of members of the
Astrophyllite-group minerals are generally triclinicastrophyllite group have been performed by Chris-
(but also monoclinic) alkali titano-, zircono-, andtiansenet al (1998; kupletskite) and Skt al. (1998;



634 THE CANADIAN MINERALOGIST

DISTTPf;gFg &E)I};%‘;Tﬁ?olgggsgg%igm tween theD- andH-sheets, resulting in tilting and rota-
= tion of SiQy tetrahedra and distortion or corrugation of
M(1»-0(2)  2.179(8) T(-0(11)  L.3585(9) the O-sheet. The degree to which this misfit occurs is
M1)-06)  2.190(7) T(1)-0(15) ~ 1.595(%9) directly dependent on the composition of Besheet
oY e Moy Leao and decreases with increasing size of@hgheet cat-
MO-O)  2.221(7) <I(D-0>  1.604 ions (Woodrow 1967, Christianse al. 1998, Shiet
M(1)}-0(1)  2.247(T) al. 1998).

<M(1)-0>  2.207 T2-0(13)  1.614(9)
7)-0(3)  1.620(7) )
M2)-OH(5) 2.1247)  T2)-0(8)  1.638(8) The interlayer
M()-0(7)  2.133(8) T(D)-0(10)  1.654(8)
M2)-OH(5) 2.1528)  <I(2)-0>  1.629

MDO® 221107) The interlayer of niobokupletskite contains both Na

M2)-0Q)  2.2528) T(3)-06)  1.629(7) and K in two distinct sitgs. _Sodiur_n is [10]-coordinated
M2)-0()  2.254(7) 7(3)-0(14)  1.630(9) and located between bridging apices of the plbQa-
<M2-0>  2.188 T(3)-010) - 1.630(9) hedra. Bond lengths range from 2.64(1) to 2. .

T(3)-0(8)  1.645(8) Refi t of thg it 9 ¢ t( ) ! 51950(0) A
MGRO)  2.143(7) <TG)0> 1634 e |tr_1emtin of the si e-o;:cupancy ac orgflvels_ A , Sug-
M(3)-OH(4) 2.145(7) gesting the presence of vacancies or of a lighter scat-
Zg;g% 512&25 %‘;:gﬁ’;) };gig; terer .9, H,O, HzO"). Electron-microprobe data
M(3)OH@) 2.210(8) T O 1.607(9) !ndlcat? 1.2339’fufo’z| N_f;l in nlobolélup_Itehtsklte,ltsugbgi]e_st-d
M3)-0(2)  2.232(8) T4)-0(7)  1613(8) ing an “excess” of Na if compared with results obtaine
<M@3)»0> 2175 <T(4-0> 1601 from the structure refinement. This excess Na has been
MAOHME) 20977 %2 K(10-0(12) 2.832) accounted for in th#(1) octahedral site. Substitution
MA)-O(1)  2.1498)x 2 K(1a)-O(11) 2.85(2) of Ca for Na within the interlayer is common in more
MH-0G)  2181(Hx2  K(la)-O(15) ;8;“;) Fe-rich astrophyllite-group minerals.¢, Christiansen
MEO> 214 oy et al. 1998), but was not detected in type-I nioboku-
D-0(2) 1.929(8) K(12)}-0(16) 3.26(1) pletskite. Bond lengths to the two split sites to which K
DO(le)  1981(1)  K(1a)-0(13) 3.27(3) is assigned are as follow3K(1a) 2.83(2) to 3.41(2) A,
Db-09) 1987®)  KUayO®) 3412 (101K (1b) 2.84(2) to 3.57(2) A. A high site-occupancy
ol o086, <KUw-0> 312 factor for K(1b) (0.62) indicates the presence of a
D-0(12) 1.998(9) .
D-O(11) 2.001(9) K(1b)-O(15) 2.84(2) heavier scatterer. Rubidium, determined by electron-
<D-0> 1.982 K(1b)-0(9)  2.88(2) i H

K(LLOUD) 2.99(2) microprobe analysis to be 0.Epfu, was therefore
NaO(12)  264()x2  K(Ib)-O(L1) 3.00(2) assigned to this site.
Na-0(9) 264(1)x 2 K(1b)}0(16) 3.224(9)
Na-O(11) 2.66(1)x 2 K(1b)-O(14) 3.292) The O sheet

Na-O(15) 266(1)x2  K(1b)-O(13) 3.35(2)
Na-0(16) 2715 x 2 K(1b)-O(10)  3.56(1)

<Na-O> 2.66 K(1b)-0®)  3.57(2) The O sheet of niobokupletskite is identical to that
<K(ib)-0> 319 in kupletskite, except for additional Zn, Fe, Na and Mg.

In the largest and least distorted of the four octahedra,

M(1), theM cation is coordinated by five?0and one

OH- [OH(5)], with a M(1)-O> distance of 2.207 A
monoclinic magnesium astrophyllite). All triclinic spe-[volume: 13.990 A, calculated in IVTON (Bati-Zunic
cies have the general formuaBC;D,TgO26(OH)4(F, & Vickovic 1996); distortion 4): 1.041, calculated us-
0,0H), whereA =[13IK, Rb, Cs[] or H;O; B=[1%INa ing the equation for quadratic elongation (Brown &
and CagC = four distinct octahedrally coordinated sitesShannon 1973)]. Thil(1) site in niobokupletskite is
[M(1), M(2), M(3) andM(4)], D =[®ITi, Nb or Zr, andl  slightly larger than that of kupletskiteNK1)—-0>: 2.203
=MIsj and Al. Following a modular approach applied td\, volume: 13.858 A Christianseret al. 1998) owing
structures of similar titanosilicates ¢, nafertisite, to the presence of Na. Site-scattering refinements
lamprophyllite), Ferrariet al (1996) have described (SREF) ofM(1) consistently yielded occupancies less
astrophyllite-group minerals as heterophyllosilicatethan unity, indicating the presence of a weaker scatterer
having aHOH-structure (Fig. 4) consisting of a sheet obr of vacancies. Electron-microprobe data, and a low
close-packed octahedr@-6heet; Fig. 5), composed of site-occupancy factor for the site assigned to Na, indi-
MnQg, FeQ, NaQ; or MgQ; octahedra, sandwiched be-cate an “excess” of Na. The occupancyMifl) was
tween two heterogeneous sheetssheets). Thel-sheet therefore refined with both Mn and Na, resulting in site
consists of open-branchemveier single chains of populations consistent with the EMPA data (SREF: 0.18
[Sis015)% (Liebau 1985) running parallel %, which apfu EMPA: 0.28apfu) and a bond-valence sum of 1.95
are in turn cross-linked by corner-sharib@g octahe- vu. The presence of Na within ti(1) site is not an
dra O: Nb,Ti,Zr) (Fig. 6). IndividuaDOg octahedra are uncommon feature in astrophyllite-group minerals. For
linked across the interlaygta a common apical anion example, magnesium astrophyllite (Stial 1998),
[O(16), special positiond(0,0,0)]. A misfit exists be- which is monoclinic, exhibits a dominance of Na within
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TABLE 8. EMPIRICAL BOND-VALENCES (v« ) FOR NIOBOKUPLETSKITE
M) M2 M3 M@ D T T2 TR T4 Na K(la) K(b) I

o 029 0.36 035 0.99 1.99
0@ 035 028 028 0.95 1.86
o@3) 032 036 032 1.01 2.01
OH(4) 0.67 0417 1.08
OH(5) 034 0.76 1.10
O®6) 034 031 035 0.99 1.99
o) 031 066 1.03 2.00
olt) 0.96 0.94 001 001 192
0(9) 0.79 1.09 0.10% 003 007 2.08
0(10) 092 098 0.02 192
ol 076 111 0.10% 0.06 006 2.09
0(12) 0.71 1.09 0100 0.06 005 201
0(13) 098 1.03 002 003 2.06
0(14) 098 1.05 0.02 004 2.09
o(15) 078 108 0.108 003 008 2.07
0(16) 0.81> 0.080> 0.02’% 0.02*> 1.86
3 1.95 201 202 216 480 4.16 392 3.89 426 096 025 0.8

" constants from Brese & O'Keefe (1991)
Note: Valences for M and D sites were calculated using the following weighted averages: M(1): (Mng g Nag ),

M (2): (MnggZny,), M (3): (Mg gsZnq 15), M (4): (Mng 33Zng, 17), Dt (Nbg 65T 10} K(1b): (Ko 45Rbg o)

a single octahedrally coordinated site equivaleM(@) phology of astrophyllite-group minerals: a preferential

in the triclinic species; this dominance has also beefongation of crystals in th¥ direction, the develop-

noted in other astrophyllite-group minerals from Moninent of a secondary, moderate parting along {010}, and

Saint-Hilaire (P. Piilonen, unpubl. data). Substitution ahe formation of acicular to tabular crystals.

Na for Mn in octahedral coordination, although not com- Site-scattering refinements indicate departures from

mon, also has been noted in other minerals, includindgeal Mn occupancies and the presence of a stronger

samuelsonite (Moore & Araki 1977), barytolam-X-ray scatterer in all df1(2), M(3) andM(4). Zinc, the

prophyllite (Rastsvetaeva & Dorfman 1995), vuonsecond most abundant octahedrally coordinated cation

nemite (Ercitet al. 1998), and in alkali clinoamphibolesrecorded in the EMPA data, was refined in all three of

from Mont Saint-Hilaire (Taylor 1999). This phenom-these sites, with the total site-occupancy constrained to

enon may be attributable to high activities of Na withitve unity. Zinc populations are as followd(2) 0.10,

the crystallizing magma. M(3) 0.15,M(4) 0.34, resulting in a total Zn content in
The M(2), M(3) andM(4) sites are larger and lessagreement with that obtained by electron microprobe

distorted than those observed in kupletskite, probab(@REF: 0.84, EMPA: 0.73pfu). Bond-valence sums

owing to the increased extent of substitution of Mn fandicate these site-occupancy factors to be reasonable

Fe in niobokupletskite. Thel(2) andM(3) sites have a [M(2): 2.01vu, M(3): 2.02vu, M(4): 2.16vu]. Results

cis configuration M(2): OH(5) X 2,M(3): OH(4)Xx 2], of this refinement suggest that Zn, a cation significantly

with average ¥—-O> distances of 2.188 and 2.175 Asmaller than Mn[f1zn2*: 0.74 A ,[6lMn2*: 0.83 A;

respectively, wheredd(4) is atranssite [OH(4)X 2], Shannon 1976) preferentially orderdv#), the small-

with an average M(4)-O> distance of 2.142 A. Theest of the fouM sites [volumesM(2) 13.687,M(3)

M(2) octahedra, the most distorted in hesheet of 13.460,M(4) 12.902 A)].

astrophyllite-group mineralg\( 6.059), are unusual, as

they form continuous zigzag chains parallel to ¥he The H-sheet

axis; all otheM sites share at most one common edge

with crystallographically equivalent octahedra (Fig. 5). There are four distinct tetrahedrally coordinated sites

The combination of continuous chainshdf2) octahe- (T) in the niobokupletskite structure. As EMPA results

dra and open-branchesaveiersingle chains parallel to reveal only minor Al* (average: 0.34pfu), and

X in the H-sheet has a pronounced effect on the maWdssbauer spectroscopy did not indid&fee*, all four
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bsinf3

Fic. 4. The structure of niobokupletskite showing t#@H structure and interlayer cati-
ons (K light blue, Na green). The coloring of the polyhedra are as follores,D dark
blue,M(1) yellow,M(2) orangeM(4) deep pink. Note thad(3) is not observed in this
projection.

T sites were modeled with only*Sduring the structure (001) plane, respectively, toward the NjoG&tahedra.
refinement. Bond lengths within the four tetrahedratowever, theT(2) andT(3) bridging tetrahedra, which
sites range from 1.585(9) to 1.654(8) A. In niobodo not share common oxygen atoms with the No©
kupletskite,T(1) andT(4) each share two basal, nontahedra, are tilted only 7.11 and 7.@fut of the (001)
bridging (nb) oxygen atoms with the basal plane of th@ane, respectively, and display slightly longer basal
NbOs octahedraT(1): O(15), O(11) and(4): O(9), <T-O> bond lengths thaf(1) andT(4) (<T(2)—OhasaP
0O(12)]. Shorter bond-lengths to these basal oxygen 4t629 A, J(3)-Oyasap 1.635 A).

oms (<(1)-Oy> 1.590 A, J(4)-O> 1.591 A) result In niobokupletskite, bond valence sums (Table 8)
in a tilting of T(1) andT(4) 7.73 and 7.68 out of the indicate the presence of a divalent anion in the O(16)

A
\ 4

bsinl3 ‘/

Fic. 5. TheO-sheet of niobokupletskite showing the indi-Fic. 6. TheH-sheet of niobokupletskite showing open-
vidual M octahedra. Note the continuous zigzag chains of branchedzweiersingle chains of [30:2]® parallel to the
M(2) octahedra (orange) parallel to texis @). X axis @) (red) cross-linked by Nb§bctahedra (blue).
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position (1.86vu), unlike Ti-dominant astrophyllite- from a variety of Si@Qundersaturated complexes, in-
group minerals, for which bond-valence calculationsluding Mont Saint-Hilaire, Lovozero (Kola Peninsula,
indicate a monovalent anion (OH or F: ChristianseRussia) and the Oslo rift (Langesundsfjord area, Nor-
et al 1998). The incorporation of ©at the O(16) way), a strong negative correlation exists between lev-
position is required in order to balance the excess posls of Nb and Ti (Fig. 7) and between Nb and F (Fig. 8).
tive charge attributable to Nbresulting from the The average Nb content of Mn-dominant astrophyllite-
Nb®* < Ti** substitution. The following coupled sub-group minerals from these localities ranges from 0.06
stitution is therefore suggested for the incorporation o6 1.33apfu(67% Nb-for-Ti substitution) with an aver-

Nb°* into the structure: age F content of 0.11 to 0.8pfu(89% O-for-F substi-
tution; P. Piilonen, unpubl. data).
Ti** + F or OH < Nb°* + O (1) The incorporation of Zn into the niobokupletskite

structure, and into astrophyllite-group minerals in gen-
The same mechanism of substitution has been swgyal, may offer an indication of the sulfur fugacftf),

gested for the incorporation of Ti and F into that the time of crystallization. Electron-microprobe
wohlerite structure (Mellini & Merlino 1979). The pres-analyses indicate a bimodal distribution of Zn in
ence of G~ at the O(16) position results in a locahiobokupletskite (Table 1); type-I niobokupletskite con-
increase in symmetry alo@gwithin theDOg octahedra tains 0.73apfu Zn, whereas type-Il and type-lil
due to the presence of a strong O(2)-Nb—O(16) bonibbokupletskite do not contain essential Zn (Table 2).
rather than the weaker, asymmetrical O(2)-Ti—F bontype-Ill niobokupletskite is associated with wurtzite
observed in Ti-dominant astrophyllite-group mineralsand genthelvite [ZsBe;(SiOy)3S], two of only six Zn-
The subsequent shortening @£0O(16) and lengthen- bearing species to be described from Mont Saint-Hilaire
ing of D—-O(2) are direct results of Nb being position{Horvath & Gault 1990). The presence of a (Zn,S)-bear-
ally more central within the polyhedra, rather than beirigg species in association with Zn-free niobokupletskite
displaced along toward theD-layer, as is the case with (type Ill) and of Zn-bearing niobokupletskite in the ab-
Ti-dominant polyhedra (P. Piilonen, unpubl. data). Theence of associated Zn—S species (type 1), suggests that
<0O(16)-b—0OhasaP bond angles are increased [85.4 Zn readily enters into the astrophyllite-group mineral
niobokupletskite; 80.8 kupletskite (Christiansest al ~ structure in conditions where tf&,) is too low to al-
1998)] and <O(2)B-Opasap are decreased [niobo-low for the crystallization of a separate Zn—-S species.
kupletskite: 94.8 kupletskite: 99.2(Christiansertal The presence of wurtzite (the S-deficient hexagonal
1998)] as a result of this displacement. The net resultpdlymorph of ZnS) rather than sphalerite is of interest
all these modifications is the significant decrease in this respect. Hydrothermal synthesis studies of the
distortion of theD polyhedra A(niobokupletskite): univariant wurtzite—sphalerite boundary have shown

1.526versusA(kupletskite): 17.840]. wurtzite to be stable at lof(S;) (< 10-1°atm), and over
a wide range of temperatures, as low ag'€af diage-
Discussion netic environments, thus contradicting the previously

established inversion temperature of 1W2@Scott &
The proposed coupled substitution between kupleBarnes 1972). At higher values %) (> 10°° atm)
skite and niobokupletskite appears to be extensive. dnd low temperatures (<485), sphalerite is the domi-
samples of Mn-dominant astrophyllite-group mineralsant ZnS polymorph. Sphalerite is ubiquitous at Mont
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Fic. 7. Content of Ti* versusthat of NI§* in the kupletskite— Fic. 8. Content of N¥ versusthat of F in the kupletskite—
niobokupletskite solid-solution series. (Linear 2 niobokupletskite solid-solution series. (Linear 2
0.742). 0.893).
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Saint-Hilaire as a late-stage phase in all the microente the local dissolution of primary Nb-rich kupletskite
ronments, most commonly associated with other S-be&on which fibers of the former have nucleated) or Nb-
ing speciesife., pyrite, pyrrhotite; Horvath & Gault bearing minerals such as those of eudialyte group. More
1990). The absence of sphalerite in samples containiimjormation regarding the distribution of Nb at Mont
niobokupletskite suggests that #(8,) was too low to Saint-Hilaire is required before these hypotheses can be
permit the formation of sphalerite, resulting in the fortested.
mation of either S-deficient wurtzite or of zincian
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