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Bornemanite-a new silicophosphate of sodium,

titanium, niobium, and barium?

‘v.P. Men shikov et al.

The mineral bornemanite was found in the
natrolite zone of the "Jubilee" pegmatoidal body
in the Lovozero alkalic massif ( Bussen et al.,
1972). - The name is in honor of Irina Dimitri-

.yevna Borneman-Starynkevich, well-known stu-
dent of the minerals of the Khibina and Lovo-
zero tundras.

Bornemanite forms yellowish platy deposits
up to 10 x 8 x 0. 2 mm developed along cleavages
and on the surface of large tabular crystals of
brown lomonosovite ( sample 1), rarely accu-
mulations of curved plates in natrolite ( sample
2). It contains small inclusions of lomonoso-
vite and needles of aegirine, and forms inter -
growths, parallel to {001}, with lomenosovite.
The plates have aggregate structure and con-
sist of very fine leaflets (0.2 x 0.1 x 0.05 mm)
elongated along the a axis, or of fibers oriented
in subparallel fashion. Sample 1 was studied
in the Geological Institute, Kola branch, USSR
Academy of Sciences, and sample 2 in the In-
stitute of Mineralogy, Geochemistry, and Cry-
stal Chemistry of Rare Elements. The struc-
tural identity of both samples was established
on the basis of the identity of the powder pat-
terns. - )

The powder pattern of sample 1 (table 1)
was obtained in the RKD camera { D-57.3) and
supplementary lines at small angles on the
DRON-0, 5 diffractometer ( Fe radiation). In-
dexing of the powder pattern was by means of
the EVM '"Minsk-22, ' according to a program

IConsidered and recommended for publication by
the Commission on New Minerals and Mineral
Names, All-Union Mineralogical Society, on May
25, 1973. Approved by the Commission on New
Minerals and Mineral Names, IMA, Nov. 20, 1973.

Translated by Michael Fleischer from Bornemanit -
novyy silikofosfat natriya, titana, niobiya i bariya,
Vses. Mineral. Obshch. Zapiski, 1975, ch. 104,
vyp. 3, p. 322-326. Co-authors with Men'shikov are
I.V. Bussen, Ye.A. Goyko, N.I. Zabavnikova, A.N.
Mer'kov, and A.P, Khomyakov. They are with the
Geological Institute, Kola Branch of the USSR Aca-
demy of Sciences, Apatit, the Institute of Geology of
Ore Deposits, Petrography, Mineralogy and Geo-
chemistry, USSR Academy of Sciences (IGEM), and
the Institute of Mineralogy, Geochemistry and Cry-
stal Chemistry, USSR Academy of Sciences, Mos-
cow (IMGRE).

worked out by E. M. Medvedeva ( Rogachev et
al., 1969). The agreement of the calculated
and experimental interplanar spacings is excel-
lent. From single crystal X-ray studies, bor -~
nemanite is ‘orthorhombic. The unit cell param-
eters were determined from oscillation X-rays
and kforograms on 70/ (RKOP, KFOR, -Cu-
radiation) and were made more precise from
the powder diagrams: ap = 5.48 + 0.05,

bo = 7.10 + 0.05, co = 48.2 % 0.14;2 Vo =
1875.4 A3; the c axis is perpendicular to the
flattening of the crystal. According to the ex-
tinction on the kforograms #o/-#3 {Cu radia-
tion) , preference can be given to the dif-
fraction symbol smmmib, in which are the
space groups ng = [bmm {-imma) and C%%

= Ibm2 (-Ima).

The color of the mineral is pale yellow;
fine leaflets are nearly colorless. The luster
is pearly; translucent; individual areas of the
plates are transparent. Cleavage very perfect
on (001). The plates are brittle, fibers flex~
ible, sp. gr. 3.47-3.50. Microhardness of the
aggregates, measured by S.I. Lebedeva on the
PMT-3 apzpa.ratus with load 15-30 g, is 257~
283 kg/m2 ( ~ 3 1/2-4 on the Mohs scale).

Bornemanite is optically biaxial, positive.
The plane of the optic axis is parallel to {010},
Z =a, Y =b, X = c. Indices of refraction,
measured in immersion, of samples 1 and 2,
respectively are: Ng = 1,720, 1.718; Nm =
1. 695, 1.687; Np = 1.682, 1,683, The angle
2V of sample 2, measured conoscopically on
the Fedorov stage, is 40°; calculated for 2V
is 66° (sample 1), 40° {sample 2). Under the
microscope, the mineral is pale yellow, weakly
pleochroic from brownish on Z to colorless on
X and Y. AbsorptionZ > Y = X,

The mineral is decomposed by cold 5%
HC1 and HNQO3, losing its color and depositing
plates of silica gel; in H2SQ4 it is dissolved
when heated. - Before the blowpipe melts easily
to a brown transparent glass. On the thermo-
gram (fig. 1), melting corresponds to the

2The axes of the cell were designated in correspond-
ence with the setting of crystals of lomonosovite,
taken from the reference book literature.
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TABLE 1. Interplanar spacings of bornemanite.
d

I _;. hkl
10 241 002

1 12.0 . 004
10 8.04 006

3 4,82 0.0.10, 105

1 4,26 112, 019 407

3 4.02 0.0.12

5 3.80 116, 109

1 3.52 148, 022, 0.1.12
10 3.44 0.0.14, 1 011

2 3.08 1.1.41, 1.0.13, 0.4.43
10 3.02 0.0. 16’

1 2.832 1.1.13, 125

1 2.758 1.0. 15 0.1.16, 200

8 2.682 0.0. 18, 1.1.14, 128, 204

1 2.586 1.1.15, 206

6 2.413 0.0.20

3 2.152 133, 2.1.12, 222

5 2.012 139, 229, 0 0.24

3 1.970 1.3.10, 2.2.10

1 1.894 2.1.17, 1.41.23

7 1.781 232, 233,. 040

3 1.704 216, 239, 048 .

8 1.610 0.0.30, 149, 324, 323

1 1.570 328, 0.3.23, 3.1.14 )

1 1.538 3.2.10, 2.3.16, 2.1.25

4 1.507 0.0.32, 1.1.30, 2.2.23, 1.3.23

2 1.491 242, 241, 240, 2.3.18, 1.2.28, 3.2.13

1 1.442 1.3.25, 332, 333, 2.2.25, 331, 330

5 1.420 0.0.34, 051, 052, 050, 1.1.32

1 1.396 339, 2.4.12, 056, 2.1.29

1 1.346 411, 412, 1.1.34, 3.2.20, 3.1.13, 157, 2.2.28, 406, 410
2 1.160 4.1.21, 068, 0.1.41, 2.1.37, 1.1.40, 2.4.26, 3.4.17
3 1.0976 0.0.44, 359, 1.0.43, 1.6.14 .

1 1.0653 269, 3.5.14, 4.2.25, 518

1 1.0077 0.0.48, 1.0.47, 1.2.45, 5.2.13, 3.5.21, 0.6.25

Note: D =57.3, FeKa radiation, unfiltered, Analyst, Yu.P. Men'shikov.
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FIGURE 1, Thermogram of bornemanite.

Weight of sample 288.9 mg. Loss of

weight 2 mg =~ 0,7 % (derivatograph,
IGEM AN SSSR}.

sharp endothermic break at 720° C. The loss
of weight of sample 2, heated in nitrogen to
1000°, was 0.7%, which agrees with the con-
tent of water found in the same sample by chem-
ical analysis. An experiment made by A. V.
Bykova showed that after 2 hours of boiling
ground bornemanite in distilled water, a notable
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part of the sodium was leached out of it (4. 30 %
NagO of 20.00% in the original sample) and
also of the phosphorus (3.00% P205 against
6.80%). The ratio of the atomic amounts of
these elements corresponds to their removal
from the mineral in the form Na3gPO4.

The infrared spectrum of bornemanite
(fig. 2) is characterized by the presence of a
well-resolved maxima of absorption in the bands
1070-870 and 595-440 cm-1, of which the first
(according to the conclus1on of Ye.S. Rudnits~
kaya) corresponds to the region of valence
oscillation of the tetrahedra SiO4 and PO4, and
the second the field of deformational vibration
of the bonds Si-O and P-O. The weak maxima
at 3600 -and 1600 cm=-1 indicate the presence
in the mineral of a small amount of hydroxyl-
ion and molecular water.

Chemical analyses of two samples of bor -
nemanite, studied in different laboratories,
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FIGURE 2. Infrared absorption spectrum. of bornemanite (UR-iO spec-

trophotometer, IGEM AN SSSR).

TABLE 2. Chemical composition of bornemanite.
Sample 1 Sample 2
Component atomic atomic
wt % ratios wt 9 ratios
PO ... ... 6.57 0.0926 6.80 0.0958
Nb,O, .. ... 9.22 0.0694 8.86 | = 0.0667
Ta0 . . . .. e — 0.66 0.0030
TiOp . .. ... 18.72 0.2343 18.00 0.2253
Zr0y . . . . .. 0.20 0.0016 0.29 0.0020
Si0, . 23.96 0.3987 25.00 0.4160
ALOs .. . .. 0.55 0.0108 0.00 —
Fe,03 . . . .. — — 0.30 0.0038
FeO ... ... 0.47 0.0024
MnO . . 2.97. - 0.0419 . 2.481 '0.0350
MgO .. .. .. 0.04 0.0010 0.06 0.0015
BaO ... ... 12.05 0.0786 13.00 0.0848
StO .. 0L L. 0.70 0.0068 0.68 0.0066
CaO . ... .. 0.33 0.0059 0.77 0.0137
Na,0 .. ... 19.62 0.6331 20.00 0.6454
K, . ... .. 0.65 0.0138 0.67 0.0142
Li,O . ... .. 0.10 0.0067
Rh,O . .. ... -0.0023
gsg(g) ...... ) 3222 0
AN . 0.2709 -
HO- . .. ... 0.30 — 0.70| 0.0778
F ....... 1.52 0.0800 1.64 0.0863
—0=F, 0.64 — 0.69
Total Coe e o 9947 99.18
Sp. gr. . 4 .. . 3.47 3.50
Wt. ing 0.460 0.500
Analyst N.I. Zabavnikova A.V. Bykova

Note. Alkalies and alkali~earth elements in samples 1 and 2 were
detérmined by flame photometry by G.Ye. Kalenchuk.
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gave similar results (table 2).% Analysis 1,

.on calculation to the parameters of the unit cell

(Z = 1) “leads to the empirical formula

(Na, Ca) 14; 1(-Ba, 'K, Sr) 3, o(Mn, Fe, Mg,
Li)2,0( Ti," Nb, Zr) 11, 9(Si;> Al 16, 0068, 1

F3. 1- 3, 6 Na3PO4- 5.3 H20. The idealized for-
mula is Na14Ba4anT19Nb3S116059F3 4Na3PO4
(formula weight M =3957.23, X-ray density
caled. = 3.50). Analysis 2 is calculated as
above ( with the same sum of cations) to the
empirical formula (Na, K, Mn) 15. 9( Ba, Sr;
Ca) 4, 1Tig, o(Nb, Ta, Ti, Zr, Mg, Fe)3.8
Si16, 2068. 0 [F3, 4 OH) 0, 6]4. 0- 3. TNa3PO4-
1.2 H20. The idealized formula with 2 = 4,

is Na4BaTi2NbSi4017F- NagPO4 = Na7BaTi2
NbPSi4021F (M = 985.34, p = 3.49).

The problem of the formula of the mineral
can be solved definitely only after the structure
has been solved.

Bornemanite is a late hydrothermal min-
eral, formed in a highly alkaline medium, later
than lomonosovite, possibly by its alteration.

In composition and properties, bornemanite
differs sharply from batisite, innelite, shcher-
bakovite, and other barium titanosilicates; it
resembles yoshimuraite, and has close struc-
tural similarity to the minerals of the lomono-
sovite and seidozerite groups. Thus, param-
eters aQ and bg of bornemanite resemble those
of lomonosovite, beta-lomonosovite, murman-
ite, epistolite, and seidozerite ( Strunz, 1970},
and parameter c( is 4 times that of murmanite

3Supplementary to the data of Table 2, Be, Ga, and
Cu were found by spectrographic analysis.

and epistolite. The traits of similarity of
bornemanite with the minerals of the lomonoso-
vite group-are clearly traced in the features of
the X-ray powder diagrams and in the infrared
a.bsorptlon spectra [table 3].

In type of chemical formula, bornemamte
resembles lomonosovite Na3-4Ti4Si4018-

'2Na3PO4 and vuonnemite Na4 .5 TiNb2s514017F-

2Na3PO4, but the number of sodium phosphate
layers in it is half that in lomonosovite and
vuonnemite. This especially explains the fact
that co of bornemanite is a multiple of the c0
of murmanite and epistolite, but not of the co
of their phosphate analogues, lomonosovite and
vuonnem1te

Sodium and phosphorus enter into the water
extract of bornemanite in the same form as for
lomonosovite and beta-lomonosovite ( Borneman-
Starynkevich, 1946; Sokolova et al., 1971;
Bussen et al,, 1973). The ease of leaching
the sodium phosphate indicates that in borne-
manite, as in minerals of the lomonosovite
group, the sodium phosphate network is weakly
bonded to the titanosilicate of the main struc-
ture. From this one may assume that processes
of hydrothermal and supergene alteration of

- bornemanite ought to lead to its transformation

to an unusual barium murmanite.

The authors thank G. Ye. Kalenchuk, Ye.S.
Rudnitskaya, G.O. Piloyan, A.S. Sakharov,
L.M. Fedorova, V.T. Zinov'yeva, A.V. By-
kova, and S.1I. Lebedeva for help in the work.

Samples of bornemanite are preserved in
the Mineralogical Museum, USSR Academy of
Sciences, and also in the museum of the Kola
Branch of the USSR Academy of Sciences and
at IMGRE.

[TABLE 3. Infrared absorption spectra of bornemanite, lomonosovite,
and beta-lomonosovite. ]
Mineral Maximum absorptions (in em™h

Bornemanite 1070 strong, 1010 strong, 980 strong,
950 strong, 930 strong, 870 very strong,
590 weak -~ 580 weak - 570 strong ~ 545
strong, 460 strong
1080 strong, 1045 strong, 1000 strong,

Lomonosovite

Beta-lomonosovite

940 very strong, 870 strong, 760 weak,
700 weak, 590 weak - 560 strong, 470
strong ~ 435 very strong

1080 strong, 1040 strong, 920 very
strong, 800 weak, 550 strong, 340
strong
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