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ABSTRACT

Stibivanite-20, a new orthorhombic polytype: of
SbyVOs, has been found at Buca della Vena mine. It
occurs as emerald-green acicular and fibrous crystals in a
vein of recrystallized dolomite. The space group of the
mineral is Pmcn, with a 17.916(3), b 4.790(1), ¢ 5.509(1)
A. The strongest lines (visual estimation) in the powder pat-
tern [d in A, intensity in parentheses] are: 3.097(s),
2.986(ms), 9.00 (m), 4.62(m), 1.871(ms), 1.747(mw). The
OD character of the structure of monoclinic stibivanite has
been established. On the basis of OD theory, 4 structural
model for the orthorhombic modification is proposed. The
model has been confirmed through a least-squares refine-
ment, carried out with 530 observed reflections,-to a final
R of 0.032. The structure of stibivanite-20, as well as that
of the monoclinic polytype, is characterized by the presence

of complex ribbons very weakly linked in ¢-and b. direc- -

tions. In the complex ribbons, chains of corner-sharing
SbO; pyramids are attached to both sides of edge-sharing
VO; pyramids.

Keywords: stibivanite, polytypism, OD theory, Apuan Alps,
Italy.

SOMMAIRE

Nous avons découvert la stibivanite-20, nouveau
polytype orthorhombique de Sb,VOs , dans la mine Buca
della Vena, dans les Alpes apouennes, en Italie. Elle forme
des essaims de cristaux circulaires et fibreux vert émeraude
dans une diaclase de dolomite recristallisée. Le groupe spa-
tial est Pmcn, et les paramétrgs réticulaires sont: @
17.916(3), b 4.790(1), ¢ 5.509(1)A. Les six raies les plus
intenses du cliché de poudre [d en A (intensité estimée
visuellement)] sont: 3.097(s), 2.986(ms), 9.00(m), 4.62(m),
1.871(ms) et 1.747(mw). Le caractére OD de la structure
monoclinique de la stibivanite est &abli. En utilisant la théo-
rie dite OD, nous proposons un modele structural pour la
modification orthohombique. Ce modeéle a été-confirmé par
affinement par moindres carrés de 530 réflexions cbservées,
jusqu’a un facteur R final de 0.032. La structure de la
stibivanite-20, aussi bien que celle du polytype monocli-
nique, conuent des rubans complexes qui sont trés faible-
ment liés dans les directions & et b. Dans ces rubans, des

chaines de pyramides SbO; & sommets partagés sont agra-
fées de chaque c6té des pyramides VOs & arétes partagées.

(Traduit par la Rédaction)

Mots-clés: stibivanite, polytypisme, théorie OD, Alpes
apouennes, Italie.

INTRODUCTION

Stibivanite, Sb,VOs, was first described by Kai-
man et al. (1980) from the Lake George antimony
deposit, New Brunswick. They described the mineral
as being monoclinic, with space group C2/c and a
17.989(6),-b 4.792(1), ¢ 5.500(2) ‘&, 8 95.15(3)°. Sub-
sequently, Merlino & Orlandi (1983) found a second
occurrence at Buca della Vena mine, in the Apuan
-Alps, Italy. Stibivanite is the natural counterpart of
the compound synthesized by Darriet ef al. (1976).
The structure of the synthetic compound was deter-
mined by Darriet ef al. (1976) and, independently, by
Szymanski (1980).

The aim of this paper is to present the results of
chemical, physical, crystallographic and structural
studies carried out on material recently found at Buca
della Vena mine and apparently slightly different
from the crystals of original stibivanite. These studies
clearly point to a new orthorhombic polytype of
stibivanite, denoted as stibivanite-20 on the basis
of its structural relationships with the monoclinic
polytype, stibivanite-2M.

OCCURRENCE

The Buca della Vena iron mine is Iocated north
of Stazzema, in the Apuan Alps, Italy. Iron ore
(magnetite, hematite and minor pyrite) occurs within
a microcrystalline mass of barite. According to Car-

- mignani et al. (1976), the mineralization is due to

metasomatism by medium-temperature hydrother-
mal fluids at the contact between phyllite and dolo-
mite; on the other hand Benvenuti ef al. (1986) pro-
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posed a diagenetic origin for the deposit, which was
subsequently metamorphosed during the Tertiary
Appenninic orogeny. The Buca della Vena mine is
the type locality for apuanite and versiliaite (Mel-
lini ef al. 1979); several rare and interesting minerals,
including derbylite and stibivanite, also are present,
as reported by Orlandi & Checchi (1986).

New samples from that locality were made avail-
able through the kindness of C. Del Tredici and M.
Baldi, both mineral collectors. In those samples,
stibivanite occurs within a vein of recrystallized dolo-
mite, associated with anatase, apuanite, barite, beryl,
derbylite, dolomite, hematite, magnetite, pyrite,
tourmaline and versiliaite. Whereas most crystals of
stibivanite have a platy habit, some crystals show a
more “‘cylindrical” habit: ten emerald-green crystals,
up to 2 mm in length and about 0.1 mm in diameter,
lying on a large rhombohedron of dolomite, were
found in a unique sample. The sample, together with
the crystals studied in the present work, is now
preserved (catalog number 4880) in the Museo di
Storia Naturale of the University of Pisa.

CRYSTALLOGRAPHIC, PHYSICAL
AND CHEMICAL DATA

A crystal from the unique sample was selected and
examined by single-crystal X-ray methods. Rotation
and Weissenberg photographs indicate that it is

orthorhombic, with approximate unit-cell parameters
al8,b4.8,c5.5 Aand possible space-groups Pmcn
or P2,cn. More precise cell-parameters, @ 17.916(3),
b 4.790(1), ¢ 5.509(1) A, were obtained by least-
squares fitting of 29 reflections with 26 > 36°
selected among the reflections collected for the struc-
ture solution with an Ital Structures four-circle auto-
matic diffractometer.

The close crystallographic relationships with the
original stibivanite suggested to us an orthorhom-
bic modification of Sb,VOs, which thus deserved a
full characterization.

Chemical data

An energy-dispersion analysis was carried out with
a Philips 515 scanning electron microscope on a small
crystal fragment previously examined by means of
Weissenberg photographs. The analysis indicated
that, as expected, vanadium and antimony are the
only elements having Z> 10 that are present. Data
reduction with the SUPERQUAN correction pro-
gram, without standards, gave Sb,0, 79-80% and
VO, 20-21%, in agreement with the chemical for-
mula Sb,VO;. The calculated density is 5.26 g/cm?.

Physical properties

The translucent crystals of the orthorhombic
modification have an adamantine luster and a white
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FiG. 1. The structure of monoclinic stibivanite as seen along
SbO; groups that point up. V and O1 are in the special

[010]. Filled circles indicate the positions of Sb atoms in
position along the two-fold axis at 0, %, z.
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streak. The Mohs hardness is near 4. Parting parallel
to ¢ is very easy, and the crystals are easily split into
fine, flexible fibers.

Optical data

Optically, the crystals are biaxial positive, pseudo-
uniaxial, with 2V, very small. The indices of
refraction are very high, n > 1.87, and the optical
orientation is: X=ga, Y=»5, Z=c. Pleochroism is
fairly strong, with X and Y emerald-green and Z
olive-green.

STIBIVANITE POLYTYPES AS MDO STRUCTURES

A reliable structure for the orthorhombic modifi-
cation and a full understanding of its relationship
with that of the monoclinic phase may be obtained
on the basis of the OD theory (Dornberger-Schiff
1964, 1966). The structure of the monoclinic phase
(Darriet et al. 1976, Szymanski 1980) is represented
in Figure 1; it may be conveniently described as con-
sisting of two different kinds of layers, represented
in Figure 2. One type is built up by chains of corner-
sharing SbO, trigonal pyramids Z,,, and the other
by chains of edge-sharing VO, tetragonal pyramids
Ly, The Ly, layers and the L,, , layers, hence-
forth denoted as SbO, and VOs layers, respectively,
with reference to the kind of polyhedra that charac-
terize them, have the same b and c translation
periods, but present different symmetry, P(1)2,/cl
and P(2/m)2/c2,/m, respectively, where the paren-
theses in the symbols indicate, as usual in the OD
theory, the direction of missing periodicity. We
should remark that OD layers commonly do not cor-
respond to crystal-chemically significant layers; the
artificial nature of the OD layers in the present family
is clearly indicated by the fact that O2 atoms at the
border between adjoining SbO,; and VO layers
belong half to both layers.

The fact that the symmetry of the VO layer is
‘higher than that of the SbO, layer points to the pos-
sibility of polytypic relationships. In the monoclinic
form, SbO;, layers L,, and L,, , are related through
the two-fold axes parallel to » and the inversions
centers, which convert the VOs layer L,, ., lying
between them, into itself. Thus the pair (L,,; Ly, ;)
is converted by these operations into the pair
(L3425 Lony ). However, because of the symmetry
displayed by the VOjs layers, a different arrange-
ment also is possible. In this arrangement (Fig. 3),
which we assume to correspond to the orthorhom-
bic modification of stibivanite, the layers L,, and
L,, ., are related through the mirror plane parallel
to (100) and the screw axis parallel to ¢, which con-
vert Ly, into itself. As in the preceding arrange-
ment, the pair (L,,; L,,.,) is converted by these
operations into the pair (L,,,,; L,,.,). Thus not
only the layers but also the pairs of adjacent layers

3
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FIG. 2. The two different kinds of layers in stibivanite, as
seen along [010], with ¢ down and ¢, the direction of
missing periodicity, across. For each layer, the kind and
position of the symmetry elements are represented, and
the corresponding layer-group symbol is indicated.

are the same in both cases; the structures have to be
looked upon as belonging to one and the same family
of OD structures, consisting of two different kinds
of layers.

A closely similar case was described by
Dornberger-Schiff & Klevtsova (1967); we followed
their account closely and used nearly the same words
in the preceding discussion.

An infinite number of ordered polytypes as well
as of disordered structures is possible, correspond-
ing to the various possible sequences of operators °
(two-fold axes and inversion centers or mirror plane
and screw axis) that may be active in VOs layers.
The symmetry relations common to all the polytypes
of this family are embodied in the OD groupoid
family symbol:

PQ2/m)2/c2,/m
[%, -0.0733 ... ]

P(1)2,/cl

where the first line contains the layer-group symbols
of the two constituting layers, and the second indi-
cates the positional relations between adjacent layers
(Grell & Dornberger-Schiff 1982). Among the infinite
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FiG. 3. Crystal structure of orthorhombic stibivanite as projected along [010]. Filled circles indicate the positions of
Sb atoms in SbO; groups that point up. V and Ol atoms are nearly superimposed in projection.

possible ordered polytypes, OD theory pays special
attention to those polytypes with maximum degree
of order, the so-called MDO structures, namely those
polytypes that contain the smallest possible number
of different kinds of layer triples (Dornberger-Schiff
1982, Dornberger-Schiff & Grell 1982). In the present
case, as there is only one way to attach VO layers
L,,.1 to SbO; layers L,,, and two distinct ways to
attach SbO; layers L,, to VOs layers L,,.,, one
(Lop1s Lyyy Loy, y) triple and two different (L,,;
Lyyiys Ly,.o) triples are possible. Evidently the
smallest number of different triples necessary to build
a periodic polytype is two, from which it follows that
only two MDO polytypes are possible in this family.

The two structures we have already described, the
monoclinic one, which is obtained where two-fold
axes parallel to b and inversion centers are active in
the VOy layers, and the orthorhombic one, which
occurs if the mirror plane parallel to (100) and screw
axis parallel to c are active in the VO, layers, cor-
respond to the two possible ‘““MDO polytypes’’ in
the family.

It seems useful to derive the space-group symmetry
of both MDO structures. In the first MDO structure
(Fig. 1) the asymmetric unit at x, y, z (I) is converted
by a 2; operator in the SbO, layer into the asym-
metric unit at %-x, % +y, ¥%-z. (ID); this last unit
is converted by a 2 operator in the VO; layer into
the asymmetric unit at %2 +x, % +y, z, (I1I). (I) and
(III) are related by a a/2 + b/2 translation;
moreover, the 2 operator in the VOj layer is a total
symmetry-element, valid for the whole structure, and
the ¢ glide normal to » is a symmetry operator for
both kinds of layer. Therefore, C2/c is the space-
group synmetry for the structure.

In the second MDO structure (Fig. 3) the asym-
metric unit at x, y, z (I) is converted by a 2, opera-
tor in-the SbOj; layer into the asymmetric unit at
-x, Yo+y, Y-z, (I1); this last unit is converted by
a m operator in the VO; layer into the asymmetric
unit at % +x, % +y, %2~z (I1I). Units (I) and (11I)
are related by a » glide normal to ¢ at z=%;
moreover, the mirror plane normal to @ in the VO,
layer is a total symmetry-element, valid for the whole
structure, and the ¢ glide normal to & is a symmetry
operator for both kinds of layer. Therefore Pmcn
is 'the space-group symmetry for the structure. As
Pmcn is one of the two possible space-groups of the
orthorhombic modification of stibivanite from Buca
della Vena mine, the preceding result strongly sup-
ports the proposed structure.

STRUCTURE DETERMINATION AND DESCRIPTION -

The model for the orthorhombic modification was
tested by means of a structural study. The intensity
data were collected from a crystal 0.750 mm long
and 0.083 x 0.083 mm? in cross section, by means
of an Ital Structures single-crystal four-circle diffrac-
tometer, using w-26 scan, scan width 1.00°.

The crystal was previously examined with Weis-
senberg photographs: only sharp reflections cor-
responding to the orthorhombic phase were
observed. A tétal of 530 unique reflections among
the measured ones (26 max = 60°) were considered

“observed, having I > 30(l), and were used in the
-least-squares calculations after reduction for Lorentz

and polarization factors.
The starting coordinates were obtained, through
appropriate transformations, from those reported by
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TABLE 1. FINAL ATOMIC POSITIONAL AND THERMAL PARAMETERS
Atom x Yy z Beg

Sb  -0.08889(3) 0. 46995(10) 0. 17640(9)  0.88

v -1/4 0. 12248 (41) 0. 32504(38) 0.914
o1 -1/4 ~0. 21343 (187) 0. 34081 (182) 1.89
02  -0.17787(26)  0.24051(112) 0,07425(102) 0. 83
03 -0.04311(30)  0.16118(122) 0. 36597(97) 1.13
Atom Uy Uz2 Uszs Uzs Ugs Usa
Sb  113(3) 107(3) 107(3) -7(2) -3(2) 8(2)
v 107 (8) 161 (9) 86(8) 4(7) o o

01  309(47) 165(42) 245(47) 51(39) © [

o2 75(21) 142(23) 98(24) -8(19) 14(21) -19(23)
03 131(26) 209(27) 91(27) 19(20) 35(23) i9(22)

The anisotropic temperature factors (xloq') are in the form:

2

exp(-aua (Ugsh a‘a-bUaaKab'e#Usgl ¢

2 2

+2Uy phika”b" 42U sh1a*c*+2u,3k10%c*) 1

The equivalent temperature factors, Beg, in Aa, were calculated

according to Hamilton (1959).

Standard deviations in parentheses.

Szymanski (1980) for the synthetic monoclinic
modification and were refined in the space group
Pmecn, by means of the SHELX76 least-squares pro-
gram (Sheldrick 1976). Isotropic refinement con-
verged to an R of 0.045. An empirical correction for
the absorption factor was then carried out using the
DIFABS program of Walker & Stuart (1983). After
the absorption correction, the reliability index R
dropped to 0.037. Final refinement cycles with
anisotropic thermal parameters for all the atoms con-
verged to an R of 0.032 (weighted R= 0.042, w =
1/(¢* (Fo) + 0.00081|Fo|?).

The final refined positional and thermal
parameters, with their standard deviations, are given
in Table 1. A list of observed and calculated
structure-factors is available from the Depository of
Unpublished Data, CISTI, National Research Coun-
cil of Canada, Ottawa, Ontario K1A 0S2.

The structural study fully confirms the proposed
model, represented in Figure 3, seen along [010].
Therefore, on the basis of the considerations deve-
loped in the preceding chapter and following the indi-
cations of the ‘“Procedures involving the IMA Com-
mission on New Minerals and Mineral Names and
guidelines on mineral nomenclature’’ (Nickel & Man-
darino 1987), we propose the name stibivanite-20
for the orthorhombic modification, which contains
two layers of either type in the unit cell. The
monoclinic modification should be renamed
stibivanite-2M, as it contains two layers of either
type in the monoclinic unit-cell.

Both stibivanite-2M and stibivanite-20 are
characterized by the presence of complex ribbons
very weakly linked in the @ and b directions, which
explains the acicular shape and the easy cleavage of
the crystals. In the complex ribbons, chains of
corner-sharing SbO; pyramids are attached to both
sides of chains of edge-sharing VO; pyramids; the

TABLE 2, BOND LENGTHS AND ANGLES IN Sb AND V POLYHEDRA

Sb - 03 1.988(6) o2 - sp- 03t  es.1(2)

Sb - 03 1.998(6) 03 - Sb - 03 92.7(2)

Sb - 02 2.018(5) o2 - 8b - 03 93.9(2)

v - ot 1.811(9) 01 -V -o02,. 108.9(3) (x2)

V.02, 1975(5) (x2) ot - v -2t} 106.9(3) (x)

v - o2 1.996(5) (x2) 02 - v-o2ltt er92) (zm)
o2, .~ Vv - og} 81.8(2)
oettl. v - 0a¥ 80. 7(2)
02 -V -o2 154, 22) (x2)

The distances and angles are given in Angstroms and degrees
respactively. The standard deviations are given in parentheses.

former chains are related through inversion centers
in stibivanite-2M (Fig. 1) and through a mirror plane
(100) in stibivanite-20 (Fig. 3).

Bond lengths and bond angles in SbO,; and VO4
pyramids are reported in Table 2, whereas a detailed
comparison of corresponding distances and bond-
valence sums between stibivanite-20 and
stibivanite-2M is given in Table 3, kindly provided
by J.T. Szymanski (pers. comm., 1988). Note that
in Table 2, as in the following text, the atoms of the
different units are related to the symmetry-equivalent
atoms of the fundamental unit as follows:

i atoms at X, Y%-y,-%h+z
ii atoms at -x, Yo +y, %z
iii atoms at x, Y-y, 2+z
iv atoms at -%-Xx, Yy, +z
v atoms at -%-x, %-y, Y2+z

Antimony is strongly linked to three oxygen
atoms: O3 at 1.988 A, 03 1.998 A and 02 at 2.016
A (1.963 A, 2.009, 2.014 A in Stibivanite-2M), with
two more distant atoms of oxygen, O3* and O2™,
at 2.547 A and 2.892 A, respectively (2.561 A, 2.900

in stibivanite-2M). Vanadium in square pyrami-
dal coordination has the apical oxygen atom at 1.611
A (1.583 A in stibivanite-2M), with four basal oxy-
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TABLE 3. BOND-VALENCE ANALYSIS OF MONOCLINIC
AND ORTHORHOMBIC STIBIVANITE (M-O dist. to 3.8 A)

Bond-valence sums calculated according to
Brown & Wu (1978).

MONOCLINIC ORTHORHOMBIC
STIBIVANITE-2M STIBIVANITE-20
coordination of sb'Y, Ry = 1.910 A, N = 4.5
Bonds: da 8 d s
01 3.370 .O777 o1 3. 384 . o762
01 3.667 .0531 o1 3. 621 . 0562
02 2,014 .7877 oz 2. 018 . 7842
02 2,900 . 1527 02 2. 892 . 1546
03 1.963 . a841 03 1. 988 . 8352
03 2,009 .7946 03 1. 998 . 81685
03 2.561 2672 03 2. .547 . 2739
03 3.572 ,0598 03 3. 567 0601
SUM = 3.075 SUM = 3. 057
Coordination of V'V, Ry = 1.770 A, N = 5.2
Bonds:
01 1,683 1.7871 o1 1,641 1.6314
01 3.209 0463 o1 3,182  , O4T4
01 3.388 .0342 01 3.310 .0386
01 3.388 ' .0342 o1 3.451 0311
02  1.970 .6731 oz 1.976 5658
02 1.970 .6731 o2 1.975 . 5656
02  1.990 .5438 o2 1.996 . 5353
02  1.990 .5438 o2 1,996 .5353
03 3,707 .0214 03 3.718 . 0211
03 3.707 _.02i4 03 3.718  .024%
SUM = 4 177 SUM = 3.993
o1 d s d s
sb  3.370 .O0777 sb 3.384 .o0762
Sb  3.370 .0777 sb 3.384 .o0762
Sb  3.887 .0531 sp  3.621 .0582
Sb  3.667 .0831 Sp  3.621 .0562
v 1.583 1. 7871 v 1.611 1,634
v 8,209 .0453 v 3.182 . O4T4
v 3,388 .0342 v 3.310 .0388
v 3.388 .0342 v 3.451 . 0311
SUN = 2. 162 SUN = 2.01%
o2 d E] qa s
sp  2.014 7877 sb  2.016 .7842
Sb 2,900 . 1627 Sb 2,892 . 1546
v 1.970 5731 v  1.975 .5656
v 1.990 5438 v 1.996 . 5463
SUM = 2. 087 SUM = 2. 040
03 d 8 d 8
Sb  1.963 . 8841 sb  1.988 .8362
Sb  2.009 .7966 S 1.988 .8168
Sb  2.580 . ae77 Sb  2.847 .2739
sp 3.872 .0698 Sb 3.667 .0261
v 3.707 .o214 v 3.718 . o0211
SUM = 2. 030 SUM = 1.973

and 1.990

gen atoms, two at 1.975 A and two at 1.996 A 1.970

in stibivanite-2M).

The difference in the V-O1 bond length is respon-

sible for the large discrepancies in bond-valence sums
for YV and O1 atoms in the two compounds (Table
3). Other significant differences between correspond-
ing distances in stibivanite-2M and stibivanite-20
are shown in Table 3, mainly for distances involv-
ing the atom O1. Those differences are understand-
able if we consider that whereas the SbOj; layer
presents in both compounds its ideal symmetry
P(1)2,/c1 (Fig. 2), the actual symmetry of the VO;
layer is lower than the ideal one P(2/m)2/c2,/m
(Fig. 2) and different in stibivanite-2M, P(1)2/cl,
and in stibivanite-20, P(m)c2,.

THE CANADIAN MINERALOGIST

X-RAY POWDER PATTERN

Because of the small size of the crystals and the
extreme paucity of the material, the powder pattern
of stibivanite-20 was collected with a Gandolfi
camera of 114.6 mm diameter, using FeKo radiation.
The pattern, reported in Table 4 together with that
of stibivanite-2M, was obtained from the same crys-
tal previously used in the structure analysis and was
indexed taking into account the intensity data col-
lected for the structure analysis.

Stibivanite-2M and stibivanite-20 are easily and
unambiguously distinguished with single-crystal X-
ray methods. Although their powder patterns are
very similar, some differences can be pointed out.
As indicated in Table 4, the strong reflections 311
and 600 overlap in the pattern of the monoclinic
phase (d = 2.996 f\), whereas they appear as a
doublet, with d = 3.097 and d = 2.986 A, respec-
tively, in stibivanite-20. Other minor but significant
differences may be observed in positions or intensi-
ties of some reflections.

Another Gandolfi pattern had been previouly
obtained from a crystal not tested with Weissenberg
photographs and subsequently lost. That pattern
closely matched with the one given in Table 4. but
}E\resented one additional reflection with d = 3.133

, not referable to stibivanite-20 and correspond-
ing to the strong reflection 311 of stibivanite-2M..
This finding points to the possible existence, in that
crystal, of domains of stibivanite-2M coexisting with
stibivanite-20, and indicates that electron diffrac-
tion and HRTEM studies should be useful to dis-
close possible stacking disorder and more complex

polytypes.
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