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THE CRYSTAL STRUCTURE OF TUSIONITE, Mn?*Sn*(BO;),,
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ABSTRACT

. Tusionite, Mn>*Sn*(BO,),, has been found at two new localities: Thomas Mountain, Riverside County, California, and
Retice, Moravia, Czech Republic. At both localities, tusionite occurs in granitic pegmatites of the elbaite subtype, together
with tourmaline, hambergite, danburite, hellandite and boromuscovite. Tusionite occurs as small tabular crystals in miarolitic
cavities, and as thin flakes and rosettes in massive pegmatite; in the latter occurrence, it is commonly replaced by fine-grained
cassiterite. The crystal structure, a 4.781(1), ¢ 15.381(7) A, V304.5(2) A3, R3, Z = 3, has been refined to an R index of 2.4%
for 204 observed reflections measured with MoKo. X-radiation. Tusionite is isostructural with dolomite, CaMg(CO53),.
Electronentrality constraints show Sn to be tetravalent and Mn to be divalent, and the observed mean bond-lengths are in
accord with this: <Sn—0> = 2,055, <Mn-O> = 2.224 A. The variation in <M-O> as a function of cation radius is significantly
nonlinear for the calcite-type structures, the values for M = Zn, Fe?*, Mn?* being ~0.01 A less than predicted by linear inter-
polation between magnesite and calcite. For the dolomite-type structures, variations in <A-O> (A representing Ca, Mn) and
<B-O> (B representing Mg, Fe?*, Mn) as a function of cation radius are linear, but the two octahedra show very different
behavior. The <B—O> distance shows a response similar to that of the calcite-type structures, except that it is ~0.025 A shorter
for a given cation-radius; the <A-O> distance is ~0.025 A longer than the corresponding distance in calcite, but decreases in
size with decreasing cation-radius more rapidly than in the calcite-type structures.
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SOMMAIRE

Nous avons trouvé la tusionite, Mn?*Sn*(BO;),, au mont Thomas, comté de Riverside, en Californie, et 2 Retice,
en Moravie, République Tchéque, localités nouvelles pour cette espece. Aux deux endroits, la tusionite se trouve dans une
pegmatite granitique du sous-type dit “d elbaite”, avec tourmaline, hambergite, danburite, hellandite et boromuscovite. La
tusionite se présente en plaquettes dans les miaroles, et en mince cristaux ou en rosettes dans la pegmatite massive. Dans cette
dernidre, la tusionite se voit remplacée par une cassitérite massive. La structure cristalline de la tusionite, a 4.781(1),
¢ 15.381(7) AV 304.5(2) A3, R3, Z =3, a été affinée jusqu’a un résidu R de 2.4% pour 204 réflexions observées et mesurées
avec rayonnement MoKo. La tusionite est isostructurale avec la dolomite, CaMg(CO;),. D’apres les contraintes d’€lectro-
neutralité, le Sn est tétravalent, et le Mn, bivalent; les longueurs moyennes des liaisons concordent avec cette assertion:
<Sn-0> = 2,055, <Mn-0> = 2.224 A. La variation dans la longueur <M-O> en fonction du rayon du cation est fortement non
linéaire pour les structures de type calcite, les valeurs pour M = Zn, Fe?*, Mn?* étant inférieures de ~ 0.01 A 2 ce que prédit
une interpolation linéaire entre magnésite et calcite. Dans les structures de type dolomite, les variations dans les longueurs
<A-O> (A représentant Ca, Mn) et <B-O> (B représentant Mg, Fe?*, Mn) en fonction de rayon cationique sont linéaires, mais
les deux octagdres se comportent trés différemment. La distance <B—O> montre une réponse semblable 2 celle des structures
de type calcite, sauf qu’elle est environ 0.025 A plus courte pour un rayon cationique donné. Par contre, la distance <A-O> est
environ 0.025 A plus longue que la distance correspondante dans la calcite, mais diminue 2 mesure que diminue le rayon
cationique plus rapidement que dans les structures de type calcite.

(Traduit par la Rédaction)

Mots-clés: tusionite, structure cristalline, dolomite, pegmatite granitique, mont Thomas, Californie, Retice, République
Tcheque.
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INTRODUCTION

Tusionite is a borate mineral, (Mn,Fe)Sn(BO,),,
that was first reported by Konovalenko et al. (1983)
from the southwestern Pamirs, Tajikistan. It occurs in
a granitic pegmatite that cuts Precambrian
garnet-biotite gneiss, both as lamellar intergrowths
with tetrawickmanite and as small tabular crystals
associated with tourmaline, danburite, hambergite,
quartz, orthoclase and albite in miarolitic cavities.
Konovalenko et al. (1983) showed from powder data
that tusionite is isostructural with dolomite and wrote
the ideal end-member formula as MnSn(BOs),;
electroneutrality requires that Mn be divalent and Sn
be tetravalent.

New localities of tusionite were recently found in
the granitic pegmatites Belo Horizonte No. 1 and New
Columbia No. 1, Thomas Mountain, Riverside
County, southern California, and at Regice, Moravia,
Czech Republic. All occurrences are in B-rich com-
plex pegmatites of the elbaite subtype (Novik &
Povondra 1994) characterized by the presence of com-
mon tourmaline and other B-rich minerals, such as
hambergite, danburite, hellandite and boromuscovite.
Tusionite occurs as thin blades and fan-like rosettes up
to 3 cm across enclosed in massive pegmatite, or as
small tabular crystals in miarolitic pockets. It is asso-
ciated with K-feldspar, albite, quartz and tourmaline.
Tusionite aggregates from massive pegmatite are com-
monly replaced by fine-grained cassiterite.

EXPERIMENTAL

A tabular fragment of a single crystal from Belo
Horizonte No. 1, Thomas Mountain, Riverside
County, California, was mounted on a Nicolet R3m
automated four-circle diffractometer equipped with a
Mo X-ray tube. Twenty-five reflections were mea-
sured on a random-orientation photograph and aligned
automatically on the diffractometer. From the result-
ing setting angles, least-squares refinement gave the
cell dimensions listed in Table 1, together with the
orientation matrix. Intensity data were measured
according to the procedure of Hawthorne & Groat
(1985). A total of 1052 reflections was measured to a
maximum 20 angle of 60°. Ten strong reflections uni-

TABLE 1. MISCELLANEOUS INFORMATION FOR TUSIONITE

ath) 4.781(1) Crystal size (mm} 0.23 x 0.19 x 0.06

3 15.381({7) Radiation MoKa/Graphite

VA% 304.5(2) No. of Intensities 1062

Space group  R3 No.of |F,| > Bo{|F]) 204
Rlazimuthal} % 6.2>34
Riohs) % 2.4
whRlobs) % 2.8

Cell contents  3[Mn**Sn**(BO;),l
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formly distributed with regard to 20 were measured at
10° intervals of y (the azimuthal angle corresponding
to rotation of the crystal about its diffraction vector).
These data were used to calculate an absorption cor-
rection, modeling the crystal as a plate; this reduced
the azimuthal R index from 6.2 to 3.4%. This correc-
tion was then applied to the 6-20 intensity data. The
data were then corrected for Lorentz and polarization
effects, averaged, and reduced to structure factors. A
reflection was considered as observed if its magnitude
exceeded that of 5 standard deviations on the basis of
counting statistics. Miscellaneous information perti-
nent to data measurement and structure refinement is
given in Table 1.

Electron-microprobe analysis was done in the
wavelength-dispersion mode on a Cameca Camebax
SX50 instrument, with a beam diameter of 1-2 pm
and an accelerating potential of 15 kV. A sample cur-
rent of 20 nA measured on a Faraday cup and a count-
ing time of 20 seconds were used for Mn, Fe, Ca, Sn,
Nb, and Ti. For Mg, Sb, As, Y, Sc, Zr, and W, 40 nA
and 40 seconds were used. The standards MnNb,Og
(MnKo, NbLar), FeNb,Og (FeKot), CaNb,Oy (CaKa),
Sn0, (SnLa), rutile (TiKa), MgNb,O4 (MgKor),
stibiotantalite (SbLor), mimetite (AsLa), YAG (YLa),
NaSc8i,04 (ScKoy), ZrO, (ZrLo) and W metal (WMPB)
were used. The data were reduced using the PAP

TABLE 2. ELECTRON-MICROPROBE DATA* AND UNIT FORMULAE

FOR TUSIONITE
1 2 3 4
wo, 0.45 0.10 0.40 S-
Sno, 51.62 51.87 52.84 52.45
20, 0.10 0.08 0.00 -
86,0, 0.06 0.07 0.07 -
Mgo 0.00 0.00 0.86 -
ca0 171 1.67 0.14 0.39
FeO 2.31 2.27 0.77 3.57
Mno 18.72 18.78 20.87 20.46
B8,0,** 23.72 23.70 24.08 24.18
Total 98.69 98.64 100.03 101.08
we+ 0.006 0.001 0.008 0.000
sn** 1.006 1.011 1.014 1.003
z0t 0.002 0.002 0.000 0.000
863 0.003 0.003 0.003 0.000
Mg+ 0.000 0.000 0.062 0.000
ca?* 0.080 0.087 0.007 0.020
Fo?* 0.094 0.003 0.081 0.143
Mn2* 0.776 0.778 0.851 0.831
SUM 2.000 2.000 2.000 2.000

* Nb, Ti, As, Y, Sb not detected
** B,0; calculated by stoichiometry
~ = not determined

1 - Belo Horizonte No. 1, Thomas Mountain, Riverside County, California
2 - New Columbia No. 1, Thomas Mountain, Riverside County, California
3 - Rekice, Moravia, Czech Republic

4 - southwestern Pamirs, Tajikistan (Konovalenko et a/. 1983)
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TABLE 3. FINAL ATOMIC PARAMETERS FOR TUSIONITE

Site x y z *Uy, U,y Uy, U Uy Uyg Uy

Mn 0 0 o] 9U3) 72(4) 72(4) 128(5) [ 0 36(2)
sn 0 0 1/2 62(2) 36(2) 36(2) 114(3) ] 0 18(1
B o] 0 0.2444(3) 82(12) 62(15) 62(18) 12421) 0 0 31(8)
o} 0.2800(3) ~0.0165(4) 0.2483(1) 105(6) 64(7) 80(7) 183(9) -17(6) -10{5) 46(6)

* U = Uyx 10°

routine (Pouchou & Pichoir 1985). Ten or more points
were analyzed for each sample; compositions and unit
formulae are given in Table 2.

STRUCTURE REFINEMENT

Scattering curves for neutral atoms, together with
coefficients of anomalous dispersion, were taken from
Tbers & Hamilton (1974). The R and wR (unit weights)
indices are of the standard form and are given as per-
centages. The SHELXTIL PLUS (PC version) system
of programs was used in this work.

The starting parameters were those of the dolomite
structure (Beran & Zemann 1977). The structure
refinement converged rapidly to an R index of 2.4%
for an anisotropic displacement model. Final posi-
tional and displacement parameters are given in
Table 3, and selected interatomic distances and angles
are given in Table 4. Observed and calculated struc-
ture-factors are available from the Depository of
Unpublished Data, CISTI, National Research Council
of Canada, Ottawa, Ontario K1A 0S2.

DiscussSIoN

The structure refinement results given here confirm
that tusionite has the dolomite-type structure and is
isostructural with nordenskisldine, CaSn**(BO;),
(Effenberger & Zemann 1986),

TABLE 4. SELECTED INTERATOMIC DISTANCES (A) AND
ANGLES (°) IN TUSIONITE

B0 x3 1.377(2) 0-B-0a  x3  120.0(1)
Sn-0 x6  2.065(1) Ob-8n-Oc  x6 88.9(1)
0b-Sn-0d  x6 91.1(1)
<0-8n-0> 90.0
Mn-0 x6  2.225(1) Oe—Mn~-Of 86.8(1)
Oe—-Mn-0g 93.2{1)
<0-Mn-0> 90.0

a: ~y, x-y, z; b: %-x, ~Yaty, -%-2; c: Y-y, -Y+x-y, -4z
d: -Ya+y, Yo-x+vy, Ye-z; o: -%B+X, Yaty, Ya+z; F -Yoy,
-%tx-y, otz g Yaty, Yo-x+y, %—z.

There have been many studies of the stereo-
chemical variations in carbonate minerals. Zemann
(1981) has shown that most carbonate groups are
planar or nearly planar, but also showed that small
deviations from planar geometry do occur. Zemann
et al. (1982) and Effenberger & Zemann (1986) noted
that (BO,) groups can show significant pyramidal
distortion, particularly in nordenskiSldine. Other work
on calcite- and dolomite-group carbonates has focused
primarily on distortions in octahedra (Effenberger ef al.
1981, Peacor et al. 1987, Paquetie & Reeder 1990,
Reeder & Dollase 1989). There has been some exami-
nation of variation in mean bond-length in octahedra
as a function of composition (Paquette & Reeder
1990, Reeder & Dollase 1989), but this has been
within chemical subsystems of the calcite- and
dolomite-group minerals. Thus a general examination
of mean bond-length of octahedra as a function of
cation radius seems desirable.

The variations in mean bond-length in octahedra as
a function of cation radius for the calcite- and
dolomite-type structures are shown in Figures 1 and 2;
we use selected data from Althoff (1977), Beran &
Zemann (1977), Effenberger er al. (1981, 1983),
Markgraf & Reeder (1985), Oh et al. (1973), Paquette
& Reeder (1990), Peacor et al. (1987), Reeder &
Dollase (1989), and Reeder & Wenk (1983). For the
calcite-type structures, a line through calcite, high-Mg
calcite and magnesite (Fig. 1) has a slope of ~0.93;
smithsonite, siderite, and rhodochrosite lie ~0.01 A
below this line. A line through calcite, high-Mg
calcite, rhodochrosite, siderite and smithsonite has a
slope of ~0.98, and magnesite lies ~0.01 A above
this line. We note that the value for magnesite,
<M-0> = 2.102 A, is confirmed by three determina-
tions (Oh er al. 1973, Effenberger et al. 1981,
Markgraf & Reeder 1985), and we suggest that the
deviations from linearity in these structures are real.

The behavior of the dolomite-type structures is
distinctly different (Fig. 2). Following Reeder &
Dollase (1989), we label the large octahedron and its
central site “A”, and the smaller octahedron and
its central site “B”. For the A site, there is a linear rela-
tionship between <A—-O> and cation radius (Fig. 2),
with a slope of ~1.22. The <A-O> distance is ~0.02
A longer in pure dolomite than in pure calcite, but the
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Fic. 1. Variation in <M-0> as a function of cation radius in
the calcite-type structures. Symbols: M: magnesite, Sm:
smithsonite, Si: siderite, R: rhodochrosite, HMC: high-
Mg calcite, C: calcite, O: NiCO,. Note that CoCO; over-
laps smithsonite.

sizes of the octahedra in the two structure types con-
verge with decreasing cation radius to become equal at
a cation radius of ~0.93 A. There is a linear relation-
ship between <B-0> and cation radius (Fig. 2), with a
slope of ~0.95. The <B-O> distance is ~0.025 A
shorter in pure dolomite than in pure magnesite, and
unlike the <A-O> distance, it does not linearly con-
verge significantly with the calcite-type structures as r
increases. It is possible that at intermediate values of
cation radius, 0.85-0.95 A, the A and the B curves join
in a smooth fashion, but many more data are needed
on disordered dolomite-type structures before it is
clear whether or not this is the case.

The <A-O> distance in tusionite (Fig. 2) lies ~0.03
A above the trend for the other dolomite-type struc-
tures. In this region of cation radius, the <A-O> and
<B-O> curves are defined by disordered kutnahorite
(Peacor et al. 1987); whether or not this difference in
stereochemistry is the result of differences in the
degree of order will only be resolved by further work
on this structure type.

The nonlinear variations in mean bond-lengths as a
function of cation radius in both the calcite- and the
dolomite-type structures seem to be significant (i.e.,
not due to random experimental error), and a more
extensive experimental examination of these structures
seems warranted.
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