19. 4. 2024

downl oaded:

ISSN 1075-7015, Geology of Ore Deposits, 2008, Vol. 50, No. 7, pp. 565-573. © Pleiades Publishing, Ltd., 2008.
Original Russian Text © L.Z. Reznitsky, E.V. Sklyarov, T. Armbruster, E.V. Galuskin, Z.F. Ushchapovskaya, Yu.S. Polekhovsky, N.S. Karmanov, A.A. Kashaev, 1.G. Barash, 2007,
published in Zapiski Rossiiskogo Mineralogicheskogo Obshchestva, 2007, No. 5, pp. 57-67.

NEW
MINERALS

Batisivite, Vg Ti[Ba(Si,0)]0,s, a New Mineral Species
from the Derbylite Group!

L. Z. Reznitsky4, E. V. Sklyarov4, T. Armbruster?, E. V. Galuskin¢, Z. F. Ushchapovskaya®,
Yu. S. Polekhovsky?, N. S. Karmanov¢, A. A. Kashaev®, and 1. G. Barash“
“Institute of the Earth’s Crust, Siberian Branch, Russian Academy of Sciences, ul. Lermontova 128, Irkutsk, 664033 Russia
bBern University, Friestrasse 3, Bern, CH-3012, Switzerland
“Department of Earth Sciences, University of Silesia, ul. Bendzhinska 60, Sosnowiec, 41-200 Poland
dFaculty of Geology, St. Petersburg State University, Universitetskaya nab. 7/9, St. Petersburg, 199034 Russia
¢Geological Institute, Siberian Branch, Russian Academy of Sciences, ul. Sakh’yanovoi 6, Ulan-Ude, 670042 Russia
Received March 29, 2007

Abstract—Batisivite has been found as an accessory mineral in the Cr—V-bearing quartz—diopside metamor-
phic rocks of the Slyudyanka Complex in the southern Baikal region, Russia. A new mineral was named after
the major cations in its ideal formula (Ba, Ti, Si, V). Associated minerals are quartz, Cr—V-bearing diopside and
tremolite; calcite; schreyerite; berdesinskiite; ankangite; V-bearing titanite; minerals of the chromite—coulso-
nite, eskolaite—karelianite, dravite—vanadiumdravite, and chernykhite—roscoelite series; uraninite; Cr-bearing
goldmanite; albite; barite; zircon; and unnamed U-Ti—V—Cr phases. Batisivite occurs as anhedral grains up to
0.15-0.20 mm in size, without visible cleavage and parting. The new mineral is brittle, with conchoidal fracture.
Observed by the naked eye, the mineral is black and opaque, with a black streak and resinous luster. Batisivite
is white in reflected light. The microhardness (VHN) is 1220-1470 kg/mm2 (load is 30 g), the mean value is
1330 kg/mm?. The Mohs hardness is near 7. The calculated density is 4.62 g/cm?. The new mineral is weakly
anisotropic and bireflected. The measured values of reflectance are as follows (A, nm—R, . /R, . ): 440—
17.5/17.0; 460—17.3/16.7; 480—17.1/16.5; 500—17.2/16.6; 520—17.3/16.7; 540—17.4/16.8; 560—
17.5/16.8; 580—17.6/16.9; 600—17.7/17.1; 620—17.7/17.1; 640—17.8/17.1; 660—17.9/17.2; 680—

18.0/17.3; 700—18.1/17.4. Batisivite is triclinic, space group P1 ; the unit-cell dimensions are: a = 7.521(1) A,
b=7.643(1) A, c =9.572(1) A, oo = 110.20°(1), B =103.34°(1), y=98.28°(1), V = 487.14(7) A3, Z=1.The
strongest reflections in the X-ray powder diffraction pattern [d, A I, %)(hkl)] are: 3.09(8)( 122 ); 2.84,

2.85(10)(021, 120); 2.64(8)(213); 2.12(8)(313); 1.785(8)(324 ), 1.581(10)(242); 1.432, 1.433(10)(322, 124).
The chemical composition (electron microprobe, average of 237 point analyses, wt %) is: 0.26 Nb,Os, 6.16
Si0,, 31.76 TiO,, 1.81 Al,03, 8.20 VO,, 26.27 V,03, 12.29 Cr,03, 1.48 Fe,05, 0.08 MgO, 11.42 BaO; the total
is 99.73. The VO,/V,0; ratio has been calculated. The simplified empirical formula is

(Vi_; Crzleg; Feol3)8_o(Ti544V3_2 )6.0[Ba(Si 4Al) 5O 9)]O55. An alternative to the title formula could be a variety
(with the diorthogroup Si,05) VgTig[Ba(Si,07)]O,,. Batisivite probably pertains to the V§+Ti2+ [Ba(Si,O)]Oyg—

Cr§+Ti2+ [Ba(Si,0)]O,g solid solution series. The type material of batisivite has been deposited in the Fersman Min-
eralogical Museum, Russian Academy of Sciences, Moscow.
DOI: 10.1134/S1075701508070076

INTRODUCTION
Reznitsky et al. (2001), having described a new min-

identification of two Ba-Ti—V(Cr) oxides along with
Ti—V(Cr) oxides in one of the samples. One of these
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eral species vanadiumdravite from metamorphic rocks
of the Slyudyanka Complex, mentioned the presence of
unknown Cr-bearing titanium—vanadium oxides associ-
ated with the new mineral. The subsequent detailed
description of fractions of ore minerals allowed the
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Names, International Mineralogical Association February 28,
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Corresponding author: L. Z. Reznitsky. E-mail: garry @crust.irk.ru

oxides turned out to be the rare mineral ankangite
Ba(Ti,V,Cr)gO¢ (the first finding in Russia), while
another, a new mineral species from the derbylite group
with the ideal formula VTig[Ba(Si,0)]O,g, described
in this study. The name batisivite was given after the
major cations in the ideal formula (Ba, Ti, Si, V).

MODE OF OCCURRENCE
AND PHYSICAL PROPERTIES

The Cr—V-bearing metamorphic rocks of the Sly-
udyanka Complex have been characterized many times,
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Fig. 1. Mineral assemblages with participation of batisivite, BSE images. (Bt) batisivite, (Sch) schreyerite, (Ba) barite, (Vn) vana-
diumdravite, (An) ankangite, (Ab) albite, (Ro) roscoelite, (Qu) quartz.

when new and rare minerals of Cr and V identified in
the rocks were described. The complete characteristics
of these rocks were given by Vasil’ev et al. (1981) and
Konev et al. (2001).

Batisivite was found as an accessory mineral in a
sample of bedded-banded quartz—diopside rock con-
sisting of alternating wide (2-5 cm) bands or layers of
quartz or substantially diopside composition with an
admixture of tremolite and calcite. Diopside and retro-
grade metamorphic tremolite pertain to Cr—V-bearing
varieties; the absolute majority of Cr and V minerals
proper, including batisivite, are inclusions in bands of
gray and dark fine- to medium-grained or massive
quartz.

Due to the extremely small amount of the new min-
eral, difficulties were encountered in studying the spec-
imen prepared directly from rock. Batisivite was con-
centrated in the heavy electromagnetic fraction, which
was examined with an electron microscope equipped
with an energy dispersive spectrometer (EDS), and in
polished sections with electron microprobe. About
200 grains and intergrowths of the mineral were identi-
fied and examined. In addition to rock-forming quartz,
associated minerals are Cr—V-bearing diopside and
tremolite; calcite; schreyerite; berdesinskiite; V-bear-
ing titanite; ankangite; spinels of the chromite—coulso-
nite series; an Fe-bearing oxides of the eskolaite—kare-
lianite series; uraninite; micas of the chernykhite—
roscoelite series; Cr-bearing goldmanite; and tourma-
lines of the dravite—vanadiumdravite, albite, barite, zir-

con, and unnamed phases (U-Ti-V, Ti-V, and V-Cr
oxides). Batisivite is closely intergrown with most of
these minerals. Typical examples are shown in Fig. 1.

The new mineral occurs as isometric and elongated
(ellipsoidal) anhedral grains with a maximum size of
150-200 um (Fig. 2). The sporadic faces that proved
impossible to identify are observable on certain grains.
In addition, a single fragment of prismatic crystal with
unclear faces was found (Fig. 2). Cleavage was not
observed. In megascopic appearance and under a binoc-
ular microscope, batisivite is black, with a black streak
(powder) and resinous luster. The fracture is con-
choidal. The new mineral is brittle. The microhardness
(VHN) is 1200-1470 kgf/mm?, the mean value (seven
indentations in five grains) is 1330 kgf/mm?, which corre-
sponds to a Mohs hardness of 7.0-7.5. The microhard-
ness was measured with a Ul PMT-3 microhardness
tester; loading was 30 g because of grain cracking
under a higher load. Due to the small sizes of impres-
sions (6—7 wm diagonal), the accuracy of measurements
is not high. The density calculated from the X-ray dif-
fraction data is 4.62 and 4.64 g/cm?® for two grains of
different composition.2 The density of batisivite calcu-
lated for the average composition from the measured
volume of a unit cell determined on the basis of X-ray
single crystal data (see below) is 4.624 g/cm?. The new
mineral is separated into an electromagnetic fraction by
magnetic separators at a moderate current intensity, is

% The compositions of grains are listed in Table 3.
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Fig. 2. Morphology of batisivite grains, SEM images. The character of fracture is illustrated by images in the lower row.
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attracted by the strong faces of a Sochnev magnet, and 500 nm against the overall rise in the long-wave region
is insoluble in HCI.

In reflected light, batisivite is almost white, occa-
sionally with a weak cream hue and without internal
reflections. At crossed polars, weak anisotropy is
observable. The reflectance of batisivite was measured
in random (nonoriented) sections of two grains of sim-
ilar composition. The new mineral is characterized by a
weak to moderate bireflectance; the reflectance spectra
(recorded in air) have minimums within a range of 480—

Table 1. Reflectance (R, %) of batisivite

(Table 1, Fig. 3).

CRYSTALLOGRAPHY

A.A. Kashaev performed the preliminary X-ray sin-
gle crystal study of batisivite with the Laue, rotation—
swinging, and Weissenberg methods and photography
of the reciprocal lattice (KFOR camera). Two grains of
up to 100-150 um in size were examined. At the same
time, Z.F. Ushchapovskaya carried out X-ray powder

R values for variable wavelengths (nm)

Reflectance
440 | 460 | 480 | 500 | 520 | 540 | 560 | 580 | 600 | 620 | 640 | 660 | 680 | 700
R;nax 1 17.40 | 17.20 | 17.12 | 17.24 | 17.42 | 17.49 | 17.54 | 17.60 | 17.69 | 17.72 | 17.78 | 17.85 | 17.95 | 18.10
2 | 17.61|17.36|17.10|17.08 | 17.21 | 17.30 | 17.41 | 17.52 | 17.61 | 17.71 | 17.81 | 17.86 | 17.94 | 18.09
Rl'nin 1 16.92 | 16.68 | 16.56 | 16.59 | 16.70 | 16.80 | 16.82 | 16.93 | 17.01 | 17.06 | 17.15 | 17.23 | 17.35 | 17.44
2 | 17.1016.72 | 16.52 | 16.58 | 16.69 | 16.77 | 16.82 | 16.88 | 16.98 | 17.04 | 17.10 | 17.16 | 17.22 | 17.34

Note: R values were measured on a MSF-10 microspectrophotometer; slit of monochromator is 0.4 mm (degree of monochromaticity
is 12—15 nm), beam is 0.03 mm, and metallic Si is the standard.
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Fig. 3. Reflectance spectra of batisivite. / and 2 are grains 1
and 2 in Table 1.

diffraction of the third grain. Due to the small sizes of
grains, the Laue patterns are distinguished by weak
reflections. Plane of symmetry m was tentatively
recorded in one of the patterns; swinging along the nor-
mal to the plane allowed determination of the identity
period accepted as direction b. Sweeps of the 40l and
hlil layer lines in the Wiessenberg and KFOR goniom-
eters made it possible to select the monoclinic cell and
to index the Debye powder pattern in parameters of sin-
gle crystal data a = 7.02, b = 14.3, ¢ = 5.01 A, B = 104°
and diffraction symmetry group A2/m by observed
extinctions k + [ # 2n. These data are close to the char-
acteristics of barian tomichite, a known mineral from
the derbylite group (Grey et al., 1987). It should be
noted that some reflections in the X-ray single crystal
diffraction patterns were not indexed, indicating an
admixture or different symmetry of crystal.

To obtain the unambiguous results, T. Armbruster
analyzed another grain by an Enraf Nonius CAD 4 sin-
gle crystal automatic diffractometer. The complete
structural data on the batisivite structure obtained from
the single crystal study will be reported in a separate
paper (Armbruster et al., in press). A brief description
of the mineral structure is presented in this paper.

According to the strong reflections, the X-ray dif-
fraction pattern was attributed to the C-centered mono-
clinic unit cell with parameters corresponding to derby-
lite group minerals; i.e., as a rough approximation, the
preliminary results have been confirmed. However,
there were a number of additional weak reflections with
halfwidths larger than that of reflections of the mono-
clinic sublattice. Taking into account all reflections, the
X-ray diffraction data were indexed in the triclinic unit
cell with the following dimensions: a = 7.5208(4), b =
7.6430(4), ¢ = 9.5724(4) A; a = 110. 204(3)°, B =
103.338(6)°, v = 98.281(7)°; V = 487.14(7) A; space

groupPl ; Z=1.

Similar to other minerals of the derbylite group,
including derbylite, barian tomichite, Pb-bearing
graeserite, etc. (Moore and Araki, 1976; Grey et al.,
1987; Berlepsch and Armbruster, 1998), the lattice of
batisivite is a combination of zigzag double chains of

REZNITSKY et al.

octahedrons of o-PbO,-type structure (sites M1-M4)
and columns of V,Os-type structure (M5-M8). The
channels formed by a combination of these structure
units can be described as chains of cuboctahedral cavi-
ties running parallel to [011] in a triclinic system. Ti, V,
Cr, Fe, and Nb occupy the octahedral sites of batisivite,
while alternating barium and silicon—oxygen groups
occupy cuboctahedral sites. The latter can be regarded
with equal probability as diorthogroup Si,O; or quasi-
molecule Si,0 (Handke and Mozgawa, 1995). In the
first case, the 1ideal formula of batisivite is
M,,4[Ba(Si,07)](O,0H),,, and M,4[Ba(Si,0)](0,0H),4
in the second case. The latter variant makes it possible
to retain the crystallochemical formula that fits the
structure type of the derbylite group of minerals and is
therefore preferable. The character of the Ba-Si,O
ordering in cuboctahedrons determines the lowering of
batisivite symmetry down to the triclinic system. In the
structural framework of batisivite formed by octahe-
drons, two positions of oxygen (06, O11) can be poten-
tial sites of OH groups. However, in the ideal formula

Vi Tig " [Ba(Si,0)]0s, 0xygens 06 and O11 are addi-

tionally bound with Si and Ba, and the hydration of
these sites is ruled out.

According to the results of X-ray single crystal
study, the line indices of the previous Debye powder
pattern was corrected and the unit-cell dimensions were
calculated (Table 2). The exceeding errors in the differ-
ence of some parameters from the X-ray single crystal
study and calculation of the Debye powder pattern are
apparently related to significant distinctions between
the examined grains in the content of TiO,, the (V, Cr,
Fe)/Ti ratio, and the calculated V#* content (see below,
Table 3).

CHEMICAL COMPOSITION

Batisivite with Ti, V, Cr, Ba, and Si as the major
components is a difficult object to examine by electron
microprobe due to the distortion of analytical signals
from interference by the characteristic lines of Ba and
Ti, and cascade superposition of Ti onto V, and V onto
Cr. To obtain more reliable data on the chemical com-
position of the new mineral, it was analyzed using sev-
eral devices using different techniques in order to take
into account or to remove the superpositions (mainly in
the same preparations).

Analyses were carried out by N.S. Karmanov and
S.V. Kanakin at the Geological Institute, Siberian
Branch, Russian Academy of Sciences, on an advanced
MAR-3 electron microprobe operating at 20 kV and
40 nA, with a 2-um beam diameter. The following stan-
dards were used: quartz (Si), rutile (Ti), corundum (Al),
chromite (Cr), hematite (Fe), diopside (Mg), barite
(Ba), pyrochlore (Nb), and V,05 (V).

E.V. Galuskin and P. Dzerzhanovsky from Warsaw
University, Poland, used a CAMECA SX-100 electron
GEOLOGY OF ORE DEPOSITS
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Table 2. X-ray powder diffraction pattern of batisivite

1 dipeas (A) deyc (A) hkl I NS oo (A) hki

4 3.38 3.38 111 8 1.781 1.785 324

8 br 3.10 3.09 122 10 1.582 1.581 242
10 2.85 2.84,2.85 021, 120 2 dif 1.497 1.495 335

8 2.63 2.64 213 10 br 1.433 1.432,1.433 322,124
4 2.48 248,247 032 2 1.394 1.393 504

6 2.23 2.23 220 2 1.356 1.356 246

8 2.13 2.12 313 4 1.068 1.068 452

2 2.03 2.03,2.04 113, 031 6 1.034 1.034 518

1.872 1.873 311

Unit-cell dimensions i
a=753(1)A b=7.62(1)A ¢c=9.58(1) A
o=110.36°4) B= 103.28°()42 ¥ =98.15°(5)
V=486.7(5) A

Note: RKD-57.3 camera; the sample is a rubber bowl 0.3 mm in diameter; asymmetric film loading; FeK, irradiation. Because of small
volume of sample, it was analyzed without standard. Analyst, Z.F. Ushchapovskaya.

microprobe operating at 15 kV and 20 nA, with a 1-2-um
beam diameter. The following standards were used:
LiNbO; (Nb), diopside (Mg, Si), orthoclase (Al), TiO,
(Ti), BaSO, (Ba), Cr,0; (Cr), Fe,O; (Fe), and pure
metallic V (V).

A Superprobe-733 Jeol (JCXA-733) electron micro-
probe operating at 15 kV and 20 nA, with a 2-um beam
diameter was used by L.F. Suvorova at the Institute of
Geochemistry, Siberian Branch, Russian Academy of
Sciences. The following standards were used: ilmenite
GF-51 (Ti), chromite UV-26 and Cr-spinel (Cr, Fe, Al),
barite (Ba), diopside (Si, Mg), and V,05 (V).

M.D. Tolkachev and M.R Pavlov performed analy-
ses at the Institute of Precambrian Geology and Geo-
chronology, Russian Academy of Sciences, on an ABT-55
scanning electron microscope equipped with a Link
AN-1000/S85 EDS. The following standards were
used: pure metals (Ti, V, Cr, Fe), SiO, (Si), MgO (Mg),
Al,0; (Al), and BaF, (Ba).

In total, 237 point analyses of 72 grains were con-
ducted; about 80% of the analyses were carried out on
MAR-3 and CAMECA SX-100 electron microprobes.
Comparison of the results has shown appreciable dis-
crepancies in the average or predominant sums and
contents of the major components TiO,—(Cr,O; +
V,05) and their relationships between series of analy-
ses performed in different laboratories and with differ-
ent equipments. At the same time, similar discrepancies
were established between duplicate series of samples
analyzed in different periods at the same laboratory.
Probably even little changes in equipment calibration
affect the analytical results. Nevertheless, the available

GEOLOGY OF ORE DEPOSITS
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dataset allows correct estimation of the chemical com-
position of batisivite.

Substantial variations both in major (TiO,, V,0;,
Cr,03, Si0,) and minor (Fe,03, Al,053, Nb,Os) compo-
nents are characteristic of this mineral. The stable BaO
contents are the only exception. Variations of concen-
trations within individual grains are noticeably less
than those between different grains even from the same
sample. It should be noted that similar compositional vari-
ability at the macro- and microscopic levels is characteris-
tic of almost all chromium—vanadium and Cr—V-bearing
minerals from the host metamorphic rocks, including
pyroxenes, amphiboles, micas, garnets, simple and
complex oxides, etc. (Konev et al., 2001), and meta-
morphic minerals of chromium and vanadium as a
whole. With the exception of BaO, all components of
batisivite correlate with one another at different confi-
dence levels. The strongest negative correlation is
between Ti and the sum of (V + Cr + Fe) at an octahe-
dral site (Fig. 4a) and between the leading components
Ti—V and V-Cr. Representative analyses and average
chemical compositions of individual grains illustrating
a broad range of Ti/V ratio and variations of other com-
ponents, as well as average, medium, and maximum
concentrations in the entire dataset are given in Table 3.

In addition to batisivite, the derbylite group includes
tomichite and its barian variety, graeserite and Pb-bear-
ing graeserite, and hemloite. Except for hemloite, the
minerals of this group have the structural formula
M;TO5(OH) at Z = 2 or M,T,0,4(OH), per unit cell,
where M represents octahedral sites, and 7, the cuboc-
tahedral sites in channels. In the structure of batisivite,
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V + Cr + Fe, atom quantity

0.681 ¢
0.64}1
0.60F R?>=0.7737
0.56 1 1 ?. Y
0.32 0.36 0.40 0.44
Ti, atom quantity
V4, apfu
(b)
2 -
1 -
1 1 1 ]
6.0 6.4 6.8 7.2 7.6
Ti + Si, apfu

Fig. 4. Cation ratios in batisivite: (a) (V + Cr + Fe) versus
Ti in atom quantities and (b) V** versus (Ti + Si), apfu.

barium and silicon occupy cuboctahedrons and substi-
tution of Ba for 2Si is accompanied by additional
bridge oxygen in cuboctahedrons. Therefore, an
amount of oxygen in batisivite is not fixed, and the ide-
alized sum of cations can be between 16 and 18. The
stable sum of cations (V, Cr, Fe, Nb) in the octahedral
framework is accepted as 14; this sum serves as the
basis for calculation. According to structural data, the
presence of the OH group in batisivite is unlikely, and
this is confirmed by the results of Raman spectroscopy.
Due to the absence of OH, the most reliable version of
charge compensation at heterovalent isomorphic sub-
stitutions R3* — Ti** and Al — Si (in cuboctahe-
drons) is a partial transition of V3* to V#*. To calculate
V#, the amount of oxygen was accepted as 28 (the
standard value of the derbylite group) plus (Si + Al)/2
as an additional bridge oxygen in cuboctahedrons. The
estimation of the percentage of V*(VO,) strongly
depends on the accuracy at which all components are
determined and, taking into account the complexity of
analysis, should be considered approximate. As a
rule, the amount of V#* is larger than necessary for
the compensation of Ti deficiency and substitution of
Al for Si. At the same time, the strong negative cor-
relation between (Ti + Si) and calculated V*
(Fig. 4b) testifies in favor of the proposed approach.

REZNITSKY et al.

Theoretically, R* and R* (Ti, V, Cr, Fe) and Nb can
occupy all octahedral sites M1-M8 in the structure of
batisivite. However, if relatively large sizes of
M1-M4 are taken into account, they must preferably
be occupied by larger R** cations and Nb, while posi-
tions M5-M8, by Ti and a part of V#* that have rela-
tively small apparent ion radii. In this case, the
empirical formula of batisivite can be expressed as

(Vi.%vé;s Cra.20Fe0.25Nby 03)5.0(Tis 41 V3.+59 Jo.o[Bay 0iMgo 2
(S1;40Alp480004))Oss.  The ideal formula is
VTig[Ba(Si,0)]O,4; theoretical chemical composition
calculated from this formula is as follows (wt %): 44.33
V,03, 35.45 TiO,, 8.88 SiO,, 11.34 BaO. The alterna-
tive version of the ideal formula (with diorthogroup) is
V;Tig[Ba(Si,0,)]0,,. As was mentioned above, we
give preference to the first version.

Despite the significant content of Cr,0;, Cr is not
included in the ideal formula of batisivite, because a
wide range of isomorphic substitution V for Cr up to the
formation of end members is characteristic of most
chromium—-vanadium minerals in the Sludyanka
Complex including minerals associated with batisiv-
ite. In particular, these series have been established
for clinopyroxenes (kosmochlor—nataliite), tourmalines
(chromdravite—vanadiumdravite), garnets (uvarovite—
goldmanite), simple oxides (escolaite—karelianite), and
spinels (magnesiochromite-magnesiocoulsonite) (Konev
et al., 2001). Therefore, the formation of a Cr analogue
of batisivite (at a larger Cr/V ratio in the bulk rock com-
position) and Cr and V end members of the

Vi Tig " [Ba(Si,0)]0x—Cry ' Tig " [Ba(Si,0)])Os) series
may be suggested.

DISCUSSION

Among the known minerals of the derbylite group,
batisivite is distinguished by the absence of hydroxyl
and the occurrence of V as V3* and V* species.
Although the presence of V4 has not been proven by
direct methods, there are sufficient reasons to accept its
possibility. A number of Ti—V(Cr) oxides are associated
with batisivite, and comparison of chemical composi-
tion and X-ray structural data in each of these minerals
indicates the reality of isomorphic substitution of
V# «——Ti. In schreyerite V,Ti;Oy, for which an X-ray
single crystal study was performed for the first time, the
R*(V, Cr, Fe)/Ti ratio exceeds 2/3, and the charge bal-
ance is reached only at a variable valence of vanadium
with about 1/4—1/5 of V as V** species (Dobellin et al.,
2006). A similar situation is characteristic of ankangite
and berdesinskiite. Among unnamed minerals, there is
an oxide of V;05 type forming the V§+ V‘”OS—V%+ TiOs
solid solution series, where the isomorphic substitution
Ti* for V#* is widely developed. Previously, such isomor-
phic substitution was established in zoltaiite (Bartho-
lomew et al., 2005). We should suppose that Ti—V-bearing
GEOLOGY OF ORE DEPOSITS
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oxides readily react to redox conditions of mineral dep-
osition and may be regarded as potential geological
oxybarometers.

The origin of Cr—V-bearing metamorphic rocks and
assemblages of Cr and V minerals in the rocks was
repeatedly discussed, in particular, in the description of
vanadiumdravite (Reznitsky et al., 2001) and by
(Konev et al., 2001). The rocks of the Slyudyanka
Complex metamorphosed under granulite-facies condi-
tions and were affected by high- and medium-tempera-
ture retrograde metamorphism. Chromium-vanadium
and Cr—V-bearing minerals were formed at the pro-
grade and retrograde metamorphic stages. Granulite-
facies metamorphism is usually characterized by rela-
tively reduced conditions. Since batisivite and associ-
ated Ti—V oxide minerals are distinguished by an ele-
vated degree of vanadium oxidation, they are most
likely deposited during retrograde stages at relatively
low temperatures and high oxygen fugacity.

The type material of batisivite has been deposited in
the Fersman Mineralogical Museum, Russian Academy
of Sciences, Moscow.
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