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Tokyoite, Ba2Mn3+(VO4)2(OH), the Mn3+−analogue of gamagarite, is found from the Shiromaru mine, Okutama, 
Tokyo, Japan.  It is monoclinic, P21/m, a = 9.10(4), b = 6.13(2), c = 7.89(5) Å, β  = 112.2(5)°, Z = 2.  The stron-
gest lines in the powder X−ray diffraction pattern are 3.73 (15) (111), 3.31 (100) (1-12), 3.08 (20) (020), 3.00 (16) 
(301, 2-12, 102), 2.90 (19) (120), 2.80 (62) (121, 300), 2.16 (18) (3-21), 1.963 (15) (2-04).  Electron microprobe 
analysis gave V2O5 31.77, SiO2 0.15, Al2O3 0.07, Fe2O3 2.33, Mn2O3 11.27, CaO 0.07, BaO 51.91, SrO 0.22, 
Na2O 0.13, H2O (calc.) 1.59, total 99.51 wt. %, and lead to the empirical formula, (Ba1.92Na0.02Sr0.01Ca0.01)∑1.96

(Mn3+
0.81Fe3+

0.17Al0.01)∑0.99[(V1.99Si0.01)O7.92](OH)1.00 on the basis of V + Si = 2 and (OH) = 1.  It is translucent and 
black red in color with a vitreous luster.  The streak is dark brownish red and cleavage is not observed.  The 
Mohs’ hardness is about 4 to 4.5.  The calculated density is 4.62 g/cm3.  It has distinct pleochroism, from 
reddish orange to dark brownish red in thin section and the calculated mean refractive index is 2.03.  It occurs 
as irregular grains under 15 μm, and the aggregates are up to 250 μm wide in association with braunite, hyalo-
phane and tamaite. The mineral is formed under the later stage activity of low grade metamorphism.

Introduction

From the Shiromaru mine such rare minerals as cymrite, 
banalsite, edingtonite, strontiopiemontite, marsturite, 
tamaite and eggletonite, have been found (e.g. Matsubara 
et al., 2000).  During a survey of braunite−ore, newly 
obtained directly from the outcrop of the ore deposit in 
February of 2003 at the time of water clearance of the 
Shiromaru Dam, we found an unfamiliar Ba− and Mn−

bearing vanadate.  Chemical and X−ray diffraction studies 
indicated that it is a Mn3+−analogue of gamagarite, which 
is a member of the brackebuschite group described from 
Gamagara Ridge, South Africa (de Villiers, 1943).

The Mn3+−analogue of gamagarite from the 
Shiromaru mine was named as tokyoite for the locality, 
Tokyo.  The mineral data and the name have been 
approved by the Commission on New Minerals and 
Mineral Names of the International Mineralogical 
Association (no. 2003−036).  The type specimen is depos-
ited at the National Science Museum, Tokyo, under the 
registered number NSM−M 28569.

Occurrence

Tokyoite is found from an outcrop of abandoned manga-
nese ore deposit in the Shiromaru mine (~Lat. 
35°48′30″N, Long. 139°7′30″E), at the river bed of the 
Tama River, Okutama Town, Tokyo.  The ore deposit was 
developed in the Trias chert block enclosed in middle to 
upper Jurassic sandstone, a member of the accretionary 
complex of the Kanto Mountains (Ozawa and Kobayashi, 
1985; Kato et al., 1987; Matsubara et al., 2000).  The 
main ore mineral was banded or brecciated braunite with 
brick red gangue composed of very minute celsian, cymr-
ite, hyalophane, albite, hematite, aegirine, manganoan 
garnets, ganophyllite, tamaite and analcime.  Numerous 
veinlets of quartz, banalsite, celsian, hyalophane, eding-
tonite, calcite, strontianite, barite, datolite, members of 
the ganophyllite group, serandite, marsturite, rhodonite 
and strontiopiemontite are observed in the ores and 
gangue.

Tokyoite is found as minute aggregates composed of 
very minute irregular grains under 15 μm.  Aggregates up 
to 250 μm wide occur along the rim of brecciated 
braunite (Fig. 1) or in veinlets composed of hyalophane 
and/or tamaite cutting braunite (Fig. 2).  Very minute two 
grains corresponding to gamagarite composition are found 



364 S. Matsubara, R. Miyawaki, K. Yokoyama, M. Shimizu and H. Imai 365Tokyoite, a new mineral from the Shiromaru mine

in association with tamaite−ganophyllite aggregate.

Physical and optical properties

Tokyoite is black red with a dark brownish red streak.  It 
is translucent with a vitreous luster.  Cleavage is not 
observed.  The density could not be measured because of 
small grain size. The calculated density is 4.62 g/cm3.  
The hardness is VHN25 363−390 kg/mm2, corresponding 
to Mohs 4−41⁄2.  Under the microscope it has distinct ple-
ochroism, from reddish orange to dark brownish red in 
thin section (Fig. 3).  This property leads to easy distinc-
tion between strontiopiemontite existing in the same thin 
section because of its reddish yellow to purplish red ple-

ochroism. Some optical properties could not be measured, 
but refractive indices are higher than 1.99.  The mean 
index is 2.03 by calculation from Gladstone−Dale con-
stants (e.g. Mandarino, 1981).  Compared with the mean 
index of gamagarite (2.06), that of tokyoite is lower.  
Reflectance spectra in air and oil (Nikon nD = 1.515) for 
tokyoite were measured relative to a SiC standard (Zeiss 
No.851) (Table 1).

Figure 1.  Back−scattered electron image of tokyoite (white), 
braunite (gray) and aggregates composed of minute hyalophane 
and tamaite etc (dark).  Field view: approximately: 0.63 × 0.49 
mm.

Figure 2.  Back−scattered electron image of a veinlet composed of 
tokyoite (white) and hyalophane (gray) cutting braunite (dark 
gray).  Field view: approximately 1.3 × 0.97 mm.

Figure 3.  Photomicrograph of tokyoite (brownish red) in associa-
tion with braunite (black) and minute aggregates of hyalophane 
and tamaite (colourless).  One polar. Field view: approximately 
1.0 × 0.8 mm.

Table 1.  Reflectance values for tokyoite
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X−ray crystallography

The powder X−ray diffraction pattern for tokyoite was 
obtained using a Gandolfi camera, 114.6 mm in diameter, 
employing Ni−filtered Cu Kα radiation.  It resembles that 
of gamagarite (Table 2).  No single crystal study was car-
ried out because of the small crystal size. It is considered 
to be monoclinic with space group, P21/m in analogy with 
gamagarite.  The unit cell parameters are: a = 9.10 (4), b 
= 6.13 (2), c = 7.89 (5) Å,  β  = 112.2 (5)°, V = 408(3) Å3, 

Z = 2.  Compared with those of gamagarite, a = 9.12, b = 
6.14, c = 7.84 Å, β  = 112.9° (Basso et al., 1987), the c− 
and b−axes of tokyoite are slightly shorter but the a−axis is 
slightly longer.

Chemical composition

Chemical analyses were carried out with a JEOL JXA−

8800M WDS electron microprobe analyzer (15 kV, 20 
nA, beam diameter 1 μm).  The average of 6 analyses and 

*  Tokyo, Japan (Present study).
** Eastern Liguira, Italy (Basso et al., 1987).
†  Intensities are enhanced by admixed braunite.

Table 2.  X−ray powder diffraction data for tokyoite and gamagarite



366 S. Matsubara, R. Miyawaki, K. Yokoyama, M. Shimizu and H. Imai 367Tokyoite, a new mineral from the Shiromaru mine

standard materials are shown in Table 3.  Mn and Fe are 
assigned as trivalent charge, and H2O is calculated as (OH) 
=1 per formula in analogy with gamagarite. The empirical 
formula is (Ba1.92Na0.02Sr0.01Ca0.01)∑1.96(Mn3+

0.81Fe3+
0.17

Al0.01)∑0.99 [(V1.99Si0.01)O7.92](OH)1.00 on the basis of V + Si 
= 2, and (OH) = 1.  The simplified formula is 
Ba2Mn3+(VO4)2(OH).  It is the Mn3+−dominant analogue 
of gamagarite, and the Ba−dominant analogue of bracke-
buschite; a member of the brackebuschite group.

Discussion

Some radiolarian fossils were observed in tokyoite−bear-
ing specimens. Radiolarians are originally made of silica, 
but the present materials are almost entirely replaced by 
albite.  Moreover, numerous veinlets composed of hyalo-
phane, celsian, albite, marsturite, serandite, tamaite, stron-
tianite and barite cut braunite and gangue, which was 
originally radiolarian chart.  The gangue was changed to 
dense aggregates of minute albite, celsian, cymrite, hyalo-
phane, hematite, ganophyllite group minerals, aegirine 
and manganoan garnet grains. The occurrences indicate 

Table 3.  Chemical composition for tokyoite

*  Standard deviation.
** Standard material.

Table 4.  Brackebuschite group minerals and their cell parameters

a Chopin et al., 1993; b Moore et al., 1975; c Nichols, 1966; d Bideaux et al., 1966; e Clark et al., 1997; f Abraham et al., 1978; g Foley et al., 
1997; h Gonzalez Del Tanago et al., 2003; i Pekov et al., 2002; j Basso et al., 1987; k This study.

Figure 4.  Diagram of a−length vs b−length in brackebuschite group 
minerals.  Bea, Bearthite; Goe, Goedkenite; Tsu, Tsumebite; Ats, 
Arsentsumebite; Fei, Feinglosite; Abr, Arsenbrackebuschite; Bra, 
Brackebuschite; Cld, Calderonite; Bus, Bushmakinite; Gam, 
Gamagarite; Tky, Tokyoite.
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that these minerals were formed under the later stage 
hydrothermal activities after diagenesis or low grade 
metamorphism.  Some of the brackebuschite group min-
erals are considered as a secondary formation at the oxi-
dized zone of ore deposits.  In the present case, tokyoite is 
not a secondary mineral but may be a primary mineral 
derived from reactions between braunite and Ba− and V−

bearing liquid.
According to Basso et al. (1987), the crystal struc-

ture of gamagarite is composed of linear double chains of 
edge−sharing (Fe,Mn)O6 octahedra and face−sharing Ba−

polyhedra elongated to the b−axis and flanked VO4 tetra-
hedra. The b− and a−lengths in the brackebuschite group 
minerals are controlled by the dimension of the [MO4] 
ions and polyhedral cations, respectively (Table 4 and Fig. 
4).

In Japanese manganese ore deposits, all vanadium 
ions in rhodonite and/or rhodochrosite ores have trivalent 
or tetravalent charge and form octahedral coordination in 
the structures of minerals such as nagashimalite 
(Matsubara, 1980), haradaite (Takéuchi and Joswig, 1967) 
and watatsumiite (Matsubara et al., 2003) except for fia-
nelite, which is a typical secondary mineral at the oxidized 
zone of the Komatsu mine, Saitama Prefecture, Japan 
(Yamada et al., 2000).  Whereas pentavalent vanadium 
ion forming tetragonal coordination is seen in ardennite 
and tokyoite in braunite and/or piemontite (or strontio-
piemontite) ore.   These occurrences are completely due 
to the oxidation state of the original manganese ore, in 
which manganese is divalent or trivalent.
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