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Abstract

Nagashimalite, Ba.,(V3+j..,.Ti",,,,;)B2SisO,,CI (OH) ",440".,><;, a new minerai from

the Mogurazawa mine, Gumma Prefecture, is orthorhombic, space group Pmmn,
with unit cell parameters a=13. 937(3) , b=12.122(3), c=7.116(2)Â and Z=2.

The crystal structure is similar to that of taramellite after Mazzi and Rossi
(1965), except for boron and chlorine. lt basically consists of a novel borosi-

licate groupSisB2027 which is built up of a pair of Si,O'2 groups linked toge-
ther, sharing corners, by a B20; group. These borosilicate groups are in the
structure joined together by sharing of octahedra, parallel to b, formed by
oxygen atoms about vanadium atoms. The crystallochemical formula is thus
given as Ba, (V"+, Ti) / (0, OH) 21Cil SisB20,,_. Mean interatomic distances are:
V 0=2.012(5), Si(l) 0=1.631(4), Si(2)-0=1.617(4), and B-0=1.479(5)Â. The
Ba atoms are thirteen and eleven-coordinated with mean distances of Ba (1) [13J_

10, OH) cc3.09.1 (6), Ba(2)
[]J. (0, CI) =3. 121 (8), and Ba (3) [11J_(0, CI) =2. 925 (8) Â.

It appears that the reported taramellite structure would in fact contains
boron atoms and belongs to the same borosilicate groups as nagashimalite.

Introduction

Nagashimalite, Ba4(V3+, Ti)4[(O, OH),I Cil SisB202,], a new minerai found in

bedded maganese ore deposits of the Mogurazawa mine, Gumma Prefecture,

Japan. The description is given in the preceding article (Matsubara and Kata,

1980).

The X-ray powder pattern suggests an isotypy with taramel!ite,

Ti, Fe"+H(OH), iSi,O,zJ(Z=4) (Mazzi and Rossi, 1965). Nagashimalite,

has a new type [SisB20,,] borosilicate groups.

Ba,(Fe3+,

however,

Experimental

Single crystals were isolated from the type specimen (NSM M-21727) de-

posited in \ational Science Museum, Tokyo, Japan, and the size of employed

crystal was approximately 0.09 ><0.13 X 0.15 mm.

The precession films of this crystal indicated an orthorhombic unit cel! and
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systematic absences of h+k=2n for hkO led uniquely ta space group Pmmn.

The refined unit cell parameters were a=13.937(3), b=12.122(3), c=7.116(2)À

measured by automated four-circle diffractometer (Syntex P21) using mono-

chromatized MoKa radiation (i1=O.71069À). The (J}-28 scan technique was used

to measure intensities in the limit of 28=75°. A total of 2621 independent

reflections were measured, of which 2241 had intensities greater th an 3a(l) and

were used for the structure refinement. The intensities were corrected for

Lorentz and polarization effects and for absorption (fJ.=87.8 cm-1).

Refinement of the structure

The X-ray powder diffraction pattern of nagashimalite is very similar to

that of taramellite, suggesting its isostructural relation to taramellite studied by

Mazzi and Rossi (1965) who proposed the ideal formula as Ba2(Fe:+, Ti, Fe2+),
[(OH), 1Si,Ol'] with Z=4.

The atomic parameters of taramellite were referred to at the initial stage

of the present structure refinement. The atomic scattering factor for each atom

Atom

TABL!'; 1. Atomic coordinates and thermal parameters.

Ba (1)
Ba(2)
Ba (3)
V
Si (1)
Si(2)

B
o (1)
o (2)
o (3)
o (4)
o (5)
o (6)
o (7)
o (8)
o (9)
0(10)

CI

0.25

0.25

0.4755 (1)

0.4995 (l)

0.3665(1)

0.6444(1)

0.3418(7)

0.25

O.75

0.5761(5)

0.5706(5)

0.6099(3)

0.4029(3)

0.4101(3)

0.6479(3)

0.5726 (3)

0.25

0.25

0.75

0.25

0.25

0.1281 (1)

0.0117 (2)

0.0256(2)

O.75

- 0.0045 (6)
0.9798(6)

0.25

O.75

0.9610(4)

O.1211 (4)

0.8929(4)

O.1544 (4)

0.0050(4)

O.75

0.25

-~ ~.

0.2392 (2)

0.4730(3)

0.0060(1)

0.5204 (2)

0.2056 (3)

0.2074(3)

0.7201 (14)

0.2229 (12)

0.2679 (11)

0.4109 (10)

0.3585 (10)

0.0182(7)

0.3120 (7)

0.2629 (7)

0.1489(7)

0.3776 (7)

0.6235 (14)

0.9858(12)

1. 02

2.98

0.81

0.43

0.38

0.36

0.28

0.89

O.73

0.65

0.81

0.74

0.65

0.60

0.52

0.58

0.67

1. 80

11. 8

23.1

11. 5

5.8

5.2

5.2

10.9 74.1

33.1 256.3

10.9 44.7

7.3 20.0

6.4 18.7

6.0 16.0

o
o
o

-1.4

-0.5

-0.1

o
o

-1.8
-2.7
- 1.1

0.1

o
o
o
2.0

1.0

-0.8

5.3

5.2

9.8

6.1

12.5

13.1

10.4

9.9

9.1

7.7

12.9

18.6 58.5

14.0 47.5

7.9 35.6

24.1 26.7

11.3 29.0

6.0 28.7

7.9 25.8

5.9 22.3

9.9 21. 6

19.1 14.2

27.1 138.6

o 0 8.6

o 0 14. 8

o .1.3 0

o -1.6 0

2.9 3.8 -1.4

-1.2 -6.9 -2.0

1.1 -7.1 2.7

- O.5 - 2. 0 1. 9

- O.7 6. 3 - O.4

000

000

The anisotropical thermal parameters (x 10') are of the form: exp - (h2,; WT-k','i2'+
l'p",,+2hkf312+2hl"l::+2klp2:J). Standard deviations are in parentheses.
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TABLE 2. Interatomic distances and angles.

Distances (À) Angles(') Distances (À) Angles(")
--~-----

Si (1) tetrahedron Si (2) tetrahedron

Si (1)-0 (1) 1.640(1) Si(2) 0(2) 1. 631 (3)

Si (1) 0 (5) 1. 660 (5) Si(2)-0(5) 1. 630 (5)

Si (1) -0 (6) 1. 609 (5) Si (2) -0 (8) 1. 616 (5)

Si (1)0 (7) 1. 615 (5) Si(2) 0(9) 1. 591 (4)

mean 1.631(4) mean 1.617(4)

0(1)-0(5) 2.652(7) 107.0(4) 0(2)0 (5) 2.650 (7) 108.7(3)

0(1)0 (6) 2.694 (6) 112.1(3) 0(2) 0(8) 2.688(7) 111. 7(3)

0(1)0 (7) 2.570 (6) lOi. 3 (3) 0(2) 0(9) 2.610 (5) 108. 2 (:1)

0(5) -0 (6) 2.557 (7) 103.0(2) 0(5) -0 (8) 2.577(7) 105.1(3)

0(5) -0 (7) 2.686(7) 110.2(2) 0(5) -0 (9) 2. 664 (7) 111. 6(2)

0(6) -0 (7) 2.789 (6) 119.8(3) 0(8)0 (9) 2.651 (6) 111.5(3)

mean 2. 658 (7) 109.4(3) mean 2. 640 (7) 109.5(3)

V octahedron B tetrahedron

V 0 (3) 1. 983 (5) 8-0 (3) 1. 475(7)

V-0 (4) 1. 970 (5) B-O (8) x 2 1. 494 (5)

V -0 (6) 2.005 (5) B-O (10) 1. 453 (5)

V-0 (7) 2. 007 (5) mean 1. 479 (5)

V -0 (9) 2. 073 (5)

V -0 (9) 2. 034 (5) 0(3)-0(8) x2 2.412 (8) 108.7(3)

mean 2.012(5) 0(3) -0 (10) 2.436 (7) 112.6(5)

0(8)0 (8) 2.318 (6) lOI. 7 (3)

0(3)-0(4) 2.622 (10) 83.1 (2) 0(8)0(10) x2 2.448 (8) 112.3(3)

0(3) -0 (6) 2. 961 (8) 95.9(2) mean 2. 40~ (7) 10S.8(4)

0(3) -0 (7) 2. 903 (7) 93.4(2)

0(3) -0 (9) 2.980(4) 94.5(2) Ba (1) po/yhedron

0(4)-0(6) 2.842 (8) 91. 3 (2) 8a(1)-0(1) x2 2.978 (7)

0(4)-0(7) 2.910 (7) 94.0(2) 8a(I)-0(3) x2 3.474 (7)

0(6)-0 (9) 2.793 (7) 86.4(2) Ba(l) 0(7) x4 2.830(5)

0(6) -0 (9) 2.708 (7) 84.2(2) Ba(1) 0(8) x4 3.316 (5)

0(7)0 (9) 2. 852 (7) 88.7(2) Ba (1) -0 (10) 2.734(10)

0(7) -0 (9) 2. 764 (7) 86. 3 (2) mean 3.094 (6)

0(9) -0 (9) 2.673 (7) 81.2 (2)

mean 2.819 (7) 89.0(2) 0(1)-0(7) x4 2.570(6) 52.5(1)

0(1)-0(8) x4 3.511 (9) 67.6(2)

o (3) -0 (7) x 4 2.903 (8) 53.7(1)

0(3)-0(10) x2 2. 436 (7) 44.2(5)

o (7) -0 (7) x 2 3.465 (6) 75.5(1)

0(7) -0 (8) x 4 3.094(7) 59.8(2)

0(7)-0(10) x4 3.817(8) 86.6(1)



Da (2) polyhed ron Ba (3) polyhedron

Ba(2)-0(i) x2 3.562 (8) Ba (3) 0 (3) 3.20,1 (10)

Ba(2)-0:2) x2 3.340 (8) Ba(3)-0(4) 2.672 (11)

Ba (2) -0 (4) x 2 2.773 (10) Ba(3)-0(5) x2 2.826 (5)

Ba(2) 0(6) x4 2. 880 (7) Ba (3) -0 (6) x 2 2. 865 (8)

Ba (2)-CI 3.466(4) Ba(3)-0(7) x2 3.034(7)

mean 3.121 (8) Ba (3) -0 (8) x 2 2. 854 (5)

Ba (3) -CI 3.147 (17)

0(1)-012) >;2 3.636 (11) 63.5(3) mean 2. 925 (8)

0(1)-016) 4 2.694 (6) 48.0(2)

0(2)-0:41 .1 3.798(7) 76.2(2) 0(3) 0(6) x 2 2.961 (7) 58.1(3)

0(2) 016 1 3.869 (8) 76.5(2) 0(3) 0(8) x2 2.412(8) 46.5(2)
O(1) 0161 4 2.842 (8) 60.3(3) 0(4) 0(5)x2 3.564 (7) 80.8(2)

Oi6i 0(61 2 3.125(6) 65.7(2) 0(4) 0(7) x2 2.910(7) 60.9(3)

CIOln; ., 3.517(8) 60.0(2) 0(5) 0(5) x 2 3.216(6) 53.3(1)

CI 0:6: 3.517 (11) 66.6(3) 0(5) o (7) x 2 2.686 (7) 42.5(3)
CH)i~) ') 3.319(7) 58.3(2) 0(5) 0(8) x2 2.577 (7) 40.3(2)

CI 0(4) 2 3.501 (14) 68.2(4) 0(5) 0(6) x2 2.557 (7) 53.4(3)

mean 3.269(8) 64.7(2) 0(5) 0(7) x2 3. 386 (7) 70.5(2)

0(6) -0 (6) 3.125 (6) 66. 1 (3)
0(6)-0(8) x2 3. 629 (7) 78. 8 (2)
0(7) -0 (7) 3.465 (6) 69.7(2)

0(7)-0(8) x2 3. 094 (7) 63.3(1)

0(8) -0 (8) 2.318(6) 47.9(2)

CI0(4)x2 3.501 (14) 73.4(6)

CI-0(5) x4 3.218(11) 6.1.9(4)

CI 0(6) x4 3.517(11) 71. 4 (5)

mean 3.201 (8) 63. 9 (3)
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(cont.)
--~._-------

Distances(À) Angles(") Distances (À) Angles CO)

0(8)-0(8) x2

0(8)0(8) x2

0(8)0(8) x2

mean

2.846 (6)

2.318 (6)

3.671 (6)

3. 323 (8)

50.8(2)

40.9(3)

67.2(1)

65.6(2)

was taken from International Tables for X-ray Crystallography (1968). The site

for vanadium was assigned to be occupied by 86% of \,'+ and 14,°0 of Ti in

accordance with the molecular proportion determined by the chemical analysis.

The preliminary structure refinement was carried out by the least-squares

program ORFLS (Busing et al., 1963). Three cycles of calculations employing

isotropie temperature factors of barium, vanadium, silicon and oxygen atoms
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gave R=0.118, which was reduced to 0.107 after absorption correction. Three

more cycles of least-squares calculations by a ful!-matrix least-squares program

LINUS (Coppens and Hamilton, 1970), adjusting anisotropic temperature factors

of each of the above atoms, reduced the R value to 0.080.

1'0 determine the initial positions of boron and chlorine, which were
missing in taramellite, a three-dimensional difference Fourier syntheses were

made. The difference map revealed the locations of boron and chlorine

atoms, and the additional oxygen atoms. Several cycles of full-matrix least-

squares calculations, after variation of anisotropic temperature factors of al!

atoms, reduced the R value to 0.045 for 2241 reflections. ln this case, 1311for

boron atom was negative. Though calculations were repeated after employment

of varying isotropie temperature factor of boron atom and anisotropic on es of

other atoms, no further reduction of R took place. The final atomic coordinates

and thermal parameters are given in Table l, and interatomic distances and

angles in Table 2, respectively. The observed and calculated structure factors

are compared in another table*.

Description of the structure and discussion

The crystal structure of nagashimalite is composed of Si40!2 ring silicate

groups, VOG octahedral chain s, double tetrahedra B207 groups and three non-

equivalent barium polyhedra. The projections of the structure along the c- and

li-axes are shown in Figs. 1 and 2, respectively.

Si/J" ring silicate group: The atomic coordinates of the SilO!, ring silicate
group are very similar to those of taramel!ite. The Si,O!2 ring is formed by

connecting two non-equivalent Si207 sorosilicate groups whose shared oxygen

atoms, 0(1) and 0(2), lie on a mirror plane perpendicular to the a-axis. The

ring is nearly parallel to the {010} plane, because Si(l) and Si(2) have similar
y coordinates ("" 0, !/ 2)' The Si(1)-O distances of tetrahedron range from 1.609
to 1.660 with a mean value of 1.631Â which is slightly shorter than that of

1.64Â in taramellite. The Si(2)~0 distances involving oxygens bonded to vana-

dium and boron. Si(l)~0(6), Si(1)~0(7), Si(2)-0(9) and Si(2)-0(8), are much

shorter than those involving oxygens bonded to another silicon. This may be

due to the fact that both VH and BH give smal!er charge effect to 0(61, 0(7),
0(9) and 0\81 than Si' t. The maximum and minimum O-Si-O angles are 119.80

and 103.00. respectively and they are very close to those of 1200 and 101 0 in
taramellite.

V(O, OH),; octahedral chain: The atomic coordinates of V(O, 01-1),;octahe-
"--

*
,\ cap y of this table is available from the author.



FI(;. 1. Projection of the nagashimalite structure along the c-axis.



FIG. 2. Stereographie drawing of the nagashimalite structure viewed along b.



Max. Minim. Mean Mineral Authors
- ----~-_....~- ----~-~-_._--

2.10 1. 94 2.03 montroseite Howard & Mrose (1955)
2.04 1. 96 2.00 nolanite Hanson (1958)
2.04 1. 99 2.01 chernykhite Rozhdestvenskaya & Frank-Kamenetskii (1974)
2.073 1. 970 2.012 nagashimalite This study
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TABLE 3. V'H_O distances(À) of octahedral coordination.

dron are quite similar to those of (Ti, Fe)Oo octahedron III taramellite. The

V -(0, OH) distances of octahedron range from 1.970 to 2.073À with a mean

value 2.012À, which is very close to those of such V3+-bearing mineraIs as

montroseite, nolanite and chernykhite (Table 3). The V(O, OH)o octahedral

chain is formed by sharing two opposite edges, 0(3)-0(4) and 0(9)-0(9'), of

each octahedron and elongated parallel to the b-axis. The position of hydrogen

could not be determined in a difference Fourier map. However, seeing from

the calculated electrostatic valency balance (Table 5), a preferential incorpora-

tion of (OH) to 0(4) site is very likely. The allowance of entrance may be

also suggested from the evidence that 0(4) is uniquely connected with V(O, OH)o

octahedron without any actual effect to the other polyhedra, except for Ba(2)

and Ba(3), which are somewhat remotely located to 0(4), however. The pris-

matic habit parallel to b of nagashimalite corresponds to the direction of this

chain. Also each octahedron shares two edges, 0(6)-0(9) and 0(7)-0(9'), and

one apex, 0(3), with Si4012 ring and B20, group, respectively. The linkage of

them forms an open but rigid framework structure, which might be responsible

for the uncleavable nature of nagashimalite.

FIG. 3. The configuration of -Si,B20,,= borosilicate
group of tetrahedra projected down the c-axis,
borate tetrahedron being ruled.
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B,O; group: Each boron atom is situated within a tetrahedral group con-

sisting of four oxygen atoms. The BO, tetrahedron shares the two oxygen

atoms, 0(8) and 0(8/), with one apex of two Si40" rings and one oxygen, 0(3),

with V(O, OH)(; octahedral chain. That is, two Si,OJ, rings are joined by B207

double tetrahedra with sharing four equivalent oxygen atoms, 0(8). This

mineraI can therefore be described as a new type borosilicate characterized by

the Si,B,027 group of tetrahedron as shown in Fig. 3. Thus the ideal crystal-

lochemical formula is given as Ba,Vi+lG{O(OH)] CI [Si,B{O,J. The B-O distances

of tetrahedron range from 1.453 to 1.494A with a mean value of 1.479A and the

O-B-O angles range from 101.T to 112.6° with a mean value of 108.8°. These

values are very closely in accordance with those of BO, tetrahedral groups in

other borosilicates. The B-O distances, O-B-O angles and Si-O-B angles in

borosilicates are listed in Table 4. Though Mazzi and Rossi (1965) did not

refer to the existence of boron, recently Pabst (priv. comm.) recognized the

presence of about 4.3 wt.% of B,O;) in Ti-dominant taramellite trom California.

Since Mazzi and Rossi (1965) realized the structural identity of topotypic tara-

mellite from Candoglia, Italy, with the Californian Ti-dominant taramellite, it

is highly probable that the original taramellite with Fe'+ as the dominant

octahedral cation (Tacconi, 1908) con tains boron as its essential constituent as

weIl.

Ba polyhedra: The atomic coordinates of barium atoms are nearly equal

to those of taramellite. The Ba(1) atom is thirteen-coordinated, the Ba-(O, OH)

distances ranging from 2.734 to 3.474A with a mean value 3.094Â. The six
oxygen atoms, 0(7) x 4 and 0(1) x 2, at relatively shorter distances from a dis-

torted hexagon and lie on nearly one plane parallel to {001}. If other six
oxygen atoms, 0(8)x4 and 0(3)x2, at longer distances (over 2.98A) are not

considered, the polyhedron about Ba(l) can be regarded as a hexagonal pyramid

having, at a shortest distance, 0(10) at the apex.

The Ba(2) atom is eleven-coordinated, the Ba-(O, CI) distances ranging from

2.773 to 3.562A with a mean value 3.121A. The CI-J anions occupy the channels

along the b-axis within the Si40J2 rings. The Ba(2)-Cl distances (3.466Â) is

much shorter than Ba(2)-0(1) distances (3.562Â) in this Ba(2)OJoCl polyhedron.

If the bonds longer than 2.89Â are neglected, Ba(2)OG polyhedron can be con si-

dered as a distorted trigonal prism. The Ba(3) atom is also eleven-coordinated.

The Ba(3)-0, CI distances range from 2.672 to 3.204Â with a mean value 2.925Â.
The Ba(3)-Cl distance (3.147 A) is shorter than Ba(3)-0(3) one (3.204A) in this

Ba(3)OJüCl polyhedron. If the bonds longer than 2.87 Â are not considered, the

polyhedron about Ba(3) may be regarded as a fairly distorted trigonal prism

with an additional 0(4) atom.
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T.\BLE 5. Electrostatic valence balance.
----,~---

Si 1 Si 2 B V Ba 1 Ba 2 Ba 3 L:
---~-~--- --~-,----.- -_._----_._-~

o 1 0.95(x2) 0.18 0.06 2. 14
(x 2) (x 2)

o 2 O.98 ( x 2) 0.09 2.05
(x 2)

03 O.76 0.58(x2) 0.08 0.12 2.12
(x 2)

04 0.55 (x 2) 0.26 0.31 1.71
(x2)

o 5 0.91 0.98 0.23 2.12
(x2)

o 6 1. 03 0.53 0.21 0.22 1. 99
(x 4) (x 2)

o 7 1. 03 0.53 0.23 0.16 1. 95
(x 4) (x2)

08 1. 02 O.72 0.10 0.22 2.06
(x4) (x 2)

09 1. 10 0.48+0.44 2.02

o 10 0.81(x2) 0.28 1. 90

"
3.92 4.08 3.10 3.11 2.16 1. 66 2.09w

Eleetrostatie val cney balance: The empirical bond strength calculated

from the universal curves presented by Brown and Shannon (1973) is listed in

Table 5. The V is made up of 86% V3+ and 14% Ti4+, and the curve for V3+

was simulated by that for Fe3+. The curve for Ba is calculated from the data

for pellyite by Meagher (1976). The sum of bond strength surrounding anion

and cations, respectively, demonstrates fairly reasonable valence except for
Ba(2). The existence of hydrogen bonding to 0(4) is supported from the result

of the present calculation.
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Postscript

After the refereeing of manuscript, the crystal structure of taramellite h"s been
described by Mazzi and Rossi (Amer. Miner., 65, 123-128 (1980», who propose the same
structure framework as that of nagashimalite, verifying the author's expectation.


	page 1
	Titles
	MINERALOGICAL JOURNAL, VOL. 10, No. 3, 131-142, JL'LY 1980 
	Satoshi MATSUBARA 
	Deparlmenl oj Geology, National Science Museum, Tokyo 160, lapan 
	Abstract 
	Introduction 
	Experimental 


	page 2
	Images
	Image 1

	Titles
	132 
	Satoshi M,'\TSU13ARA 
	Refinement of the structure 
	Atom 
	TABL!'; 1. Atomic coordinates and thermal parameters. 
	-~ ~. 


	page 3
	Tables
	Table 1


	page 4
	Images
	Image 1

	Titles
	134 
	Satoshi MATSUBARA 
	(cont.) 
	--~._------- 
	Distances(À) Angles(") 
	Distances (À) Angles CO) 
	mean 

	Tables
	Table 1


	page 5
	Titles
	The crystal structure of nagashimalite 
	135 
	Description of the structure and discussion 
	"-- 
	* ,\ cap y of this table is available from the author. 


	page 6
	Images
	Image 1
	Image 2

	Titles
	FI(;. 1. Projection of the nagashimalite structure along the c-axis. 


	page 7
	Images
	Image 1
	Image 2

	Titles
	FIG. 2. Stereographie drawing of the nagashimalite structure viewed along b. 


	page 8
	Images
	Image 1

	Titles
	138 
	Satoshi MATSCI3AIL\ 
	TABLE 3. V'H_O distances(À) of octahedral coordination. 

	Tables
	Table 1


	page 9
	page 10
	Titles
	140 
	Satoshi MATSldJARA 


	page 11
	Titles
	Eleetrostatie val cne y balance: The empirical bond strength calculated 

	Tables
	Table 1


	page 12
	Titles
	142 
	Satoshi MATS l'BARA 
	References 
	ApPLE~IAN, D. E. & CLARK, J. R. (1965) Amer. Miner., 50, 1827-1850. 
	Received March 15, 1980. 
	Postscript 



