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Abstract

Hexahydroborite was found in a vein consisting of borate minerals which developed along
the boundary between crystalline limestone and skarns at Fuka, Okayama Prefecture, Japan.
Hexahydroborite occurred as aggregates of pyramidal crystals up to 2mm wide on the cavity
wall, in association with olshanskyite and calcite. Wet analyses and ICP-MS gave the empirical
formula Ca; oy;B1.10204.154:5.846H,0 on the basis of O=10, which was consistent with the
ideal formula Ca[B(OH)4],-2H,0. The reflections of X-ray powder data for hexahydroborite
from Fuka were indexed on the monoclinic cell, a=16.011(2), b=6.688(1), c=7.954(2)A,
P=103.81(1)°, determined by single crystal method. The mineral was optically biaxial positive
with refractive indices a=1.502(2), f=1.505(2), ¥=1.509(2) and had a Mohs hardness of 2.5 and
a density of 1.84gem3. It is likely that hexahydroborite at Fuka was formed by a reaction of
ground water with sibirskite and/or parasibirskite at a low temperature around 25°C.

Introduction

Hexahydroborite, Ca[B(OH),], - 2H,0, was originally found in drill cores at the Solongo

deposit, Buryat USSR by Simonov et al. (1977). It occurred as aggregates of flattened colorless
prismatic crystals up to 0.5mm in veinlets associated with pentahydroborite. The mineralogical
data of hexahydroborite from the type locality was reported for only impure specimens, and no
other published data are known to the writers.

During a mineralogical survey of the gehlenite-spurrite skarns at Fuka, Okayama Prefecture,

Japan, hexahydroborite was found. This is the first occurrence of hexahydroborite to be reported
in Japan. The present paper deals with its mode of occurrence and mineralogical properties.
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FI1G. 1. Photograph of hexahydroborite crystals. Scale bar indicates I mm.

Occurrence

Hexahydroborite was found in a vein which develops along the boundary between crys-
talline limestone and gehlenite-spurrite skarns at Fuka. The vein is approximately 10 cm in
thickness, although in one part expands to 3m. Takedaite (Kusachi et al., 1995a) occurs at the
central part of the expanded area, which was primarily formed by a reaction of boron-bearing
fluids with limestone. Along the boundary between takedaite and the crystalline limestone,
hydrous borates such as sibirskite (Kusachi er al., 1997a) and parasibirskite (Kusachi et al.
1998) occur up to 2 cm wide. At the outer skarn side of the expanded area, hydrous borates such
as nifontovite and olshanskyite (Kusachi et al., 1994) occur from 20 cm to 50 cm in thickness.
All the hydrous borates appear to be formed by late-hydrothermal alteration of takedaite. Other
constituent minerals of the vein are frolovite (Kusachi er al., 1995b), borcarite (Kusachi et al.,
1997b), pentahydroborite, vivianite, brucite and calcite.

Hexahydroborite occurs as aggregates of pyramidal crystals up to 2 mm wide on the
cavity wall in the vicinity of the calcite vein, in association with olshanskyite and calcite.
Figurel shows the occurrence of hexahydroborite crystals.

Physical and Optical Properties

Hexahydroborite was transparent with a vitreous luster in hand specimen. Optically,
the mineral was biaxial positive with refractive indices a=1.502(2), f=1.505(2), =1.509(2)
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FIG. 2. Infrared absorption spectrum of hexahydroborite.

and calculated 2V=82°. The Mohs hardness was 2.5 and the density measured by heavy liquid
was 1.84 gcm3. The properties show a close resemblance to those from the type locality reported
by Simonov et al. (1977). Hexahydroborite was easily soluble in dilute hydrochloric acid and
slowly soluble in water at room temperature, but not in alcohol. The mineral decomposed during
preparation of normal thin sections.

The infrared absorption spectrum of hexahydroborite was measured by the KBr method
for the region 4000 to 250 cm!, as shown in Figure 2. The absorption bands at 3240 to 3520
cm! are attributed to the OH stretching vibration. Numerous bands observed at 1185 to 280
cm! are characteristic of borates.

X-ray Study

The X-ray powder data for hexahydroborite from Fuka was obtained by an X-ray diffrac-
tometer using Rigaku RINT 2500V monochromated Cu-Ko., radiation operated at 40kV and
200mA. The reflections of hexahydroborite from Fuka were indexed on the monoclinic C2/c,
a=16.011(2), b=6.688(1), c=7.954(2)A, B=103.81(1)°, determined by single crystal method
using a Rigaku AFC-5R four-circle automated diffractometer operated at 50 kV and 200 mA,
with graphite- monochromatized Mo-Kao radiation.

The data are given in Table 1, and are compared with those of the type locality report-
ed by Simonov et al. (1977) and the synthetic phase reported by Gode and Kuka (1970).
The cell parameters of the mineral from Fuka agree well with those from the type locality,
except for an a dimension twice that reported by Simonov et al.
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TABLE 1. X-ray powder data for hexahydroborite.
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Thermal Behavior

DTA and TG curves were obtained by heating hexahydroborite from room temperature to
900°C at a rate of 10°C /min. The curves are shown in Figure 3. The DTA curve has an
endothermic peak at 102°C and an exothermic peak at 699°C. The curve is similar to that from
the type locality, except for the absence of two endothermic peaks at 123°C and 160°C reported
by Simonov et al. (1977). On heating hexahydroborite from Fuka at 800°C, calcium borate
(Ca,B,0,) appeared as a crystalline phase.

Chemical Composition

A hexahydroborite specimen from Fuka was selected for chemical analyses by hand pick-
ing separation under a binocular microscope. The concentration of Ca was determined by ICP,
and the content of B was determined by ICP-MS. The H,O content was determined from igni-
tion loss at 900°C. The results are given in Table 2, and are compared with those reported by
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TABLE 2. Chemical composition of hexahydroborite.

1 2. 3.
Weight percentages

Si0, - 1.56
B,0; 31.49 29.78 26.91
FeO - 0.22
MgO - 0.89
CaO 24.15 23.99 20.51
CO, - 1.76
H,O 45.28 46.23 43.45

Total 100.92 100.00 101.30
Mole ratio (basis : O=10)

B 2.102 2
Ca 1.001 1
H 11.692 12

1. Fuka,Okayama Prefecture, Japan. The present
work.

2. Theoretical Ca[B(OH),], - 2H,0.

3. Solongo. After Simonov et al. (1977).

800

Simonov et al. (1977) and the theoreti-
cal values calculated from the ideal for-
mula, Ca[B(OH)4], - 2H,0. The empiri-
cal formula of hexahydroborite from
Fuka was calculated as Ca; g9; B3 102
04.154-5.846 H,0 on the basis of O=10,
which is consistent with the ideal formula.

Discussion

The cell parameters of synthetic
calcium borate dihydrate, Ca[B(OH),],
- 2H,0, have been reported by Ghose
(1963), Ozol et al. (1964) and others.
Subsequently, Simonov et al. (1976)
determined the cell parameters using a
natural specimen. In the present work,

we determined the cell parameters by single crystal method using a four-circle diffractome-
ter; a=16.011, b=6.688, c=7.954A, [=103.81°. Comparing these results, the lattice constants b,
c and J are almost equal in all cases, and a is either approximately 16A or half this length.
Sedlacek and Dornberger-Schiff (1971) reported that apparently different modifica-
tions of calcium monoborate dihydrate described by many authors are based on the same
structure unit with a=4.0A. According to their results, it may be considered that the synthet-
ic calcium borate dihydrate reported by many authors, and the natural specimens from
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Solongo and Fuka have the same structure.

Hexahydroborite from Fuka occurs as a late stage product, and is closely associated with
calcite. Sibirskite and parasibirskite from Fuka are easily decomposed to hexahydroborite and
calcite by reaction with water at room temperature. Gode and Kuka (1970) reported that calci-
um borate hexahydrate, CaO - B,05 - 6H,0 or Ca[B(OH),], - 2H,0 is synthesized at 25°C. From
this experiment, it is likely that hexahydroborite was formed as a secondary mineral by the reac-
tion of ground water with sibirskite and/or parasibirskite at a low temperature around 25°C.
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