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Tak6uchiite, a new oxyborate mineral from Lingban, Sweden
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Abshact

lated density is 3.93 g/cm3. Morphologically, takduchiite forms long prismatic crystals with
dominant form {320}.

Introduction

This new mineral was first identified in a high-res-
olution electron microscope during an extensive in-
vestigation of slmthetic and natural oxyborates of the
pinakiolite family (Bovin et al., l9g0a: Bovin and
O'Keeffe, 1980). The electron diffraction pattern and
electron micrographs showed that it was a new spe-
cies, and we take pleasure in naming it tak€uchiite in
honor of Professor Yoshio Tak€uchi of the Univer-
sity of Tokyo. He predicted (Tak6uchi, l97g) the ex-
istence of a compound with the structure found for
the new mineral (Bovin et al.,1980b'1, and he has also
made a major contribution to the unde66lding of
the pinakiohte family of minerals by solving the
structures of orthopinakiolite (Takduchj et al., l97g)
and ludwigite (Tak6uchi et al.,l95O\. The new min-
eral and the name have been approved by the Com-
mission on New Minerals and Mineral Names, IMA.
The holotype is deposited in the mineral collection of
the Smithsonian Institution (catalog #l3g54g). A
piece of that specimen will also be deposited in the
Swedish Museum of Natural History (Naturhisto-
riska Riksmuseet) in Stockholm, Sweden.

Occurrence

Tak6uchiite was found in a Lingban specimen la-
beled orthopinakiotite (catalog #138548) from the
Smithsonian Institution. Studies in a high-resolution
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electron microscope showed that all dark crystals in
that specimen were takduchiite and not oftho-
pinakiolite. The paragenesis is the same as for ortho-
pinakiolite. The crystals are imbedded in a coarse-
grained dolomite which also contains a considerable
amount of calcite (not mentioned in earlier descrip-
tions of pinakiolite and orthopinakiolite specimens).
To find out if the new mineral also occurred with or-
thopinakiolite, the specim.en used by Tak6uchi er aL
(1978) from the Swedish Museum of Natural History
(catalog #R332376) was carefully investigated in the
electron microscope, but no crystals of tak6uchiite
were found in it. Specimens of pinakiolite (Smithso-
nian #Bl2313 and Naturhistoriska Riksmuseet
#R31527) were investigated also and likewise no
tak6uchiite was found. The morphology of tak6-
uchiite, orthopinakiolite, and ludwigite (not reported
from Lingban) are very similar; it is therefore pos-
sible that other specimens labeled orthopinakiolite
from Lingban could be takduchiite.

Crystallography

Single crystals of the new mineral were studied by
Weissenberg X-ray techniques. These showed that
tak6uchiite has space group Pnnm or Pnn2. Electron
diffraction patterns recorded along the shortest axis
(Fig. l) revealed the sarne lattice parameters as X-ray
diffraction, but showed in thick crystals the appear-
ance of forbidden (in X-ray) reflections caused by
dynamical scattering. The lattice parameters ob-
tained from the single-crystal studies were refined by
least-squares calculations of powder-di-ffraction data
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Table 2. Crystal data for pinakiolite-related minerals

Mineral

P i n a k i o l i t e  2 I . 7 9

H u l s i t e  1 0 . 6 9 5

Ludwig i te  9 . I4

V o n s e n i t e  9 . 7 3

or thop inak io l i - te  18 .375

Takeuch i i te  27 .5O

5 . 9 7 7  5 . 3 4 I  9 5 . 8 3  C 2 / n

3 . 1 0 2  5 . 4 3 1  9 4 . 2 L  P z / n

L 2 . 4 5  3 . 0 5  P b a n

1 2 . 3 5  3 . 0 5  P b a m

I 2 . 5 9 L  6 . 0 6 8  P n m

L 2 , 6 L 4  6 . 0 4 6  P M

Fig. l. Electron diffraction pattern recorded with the el€ctron
beam parallel to the c axis of a crystal of tak6uchiite.

obtained with a Guinier-Hiigg focussing camera us-
ing CuKc radiation and with KCI (a : 6.29294) as
an internal standard. All the lines could be indexed
with the orthorhombic cell: a : 27.50(l), b :
12.614(2) and c : 6.046(l)A. The powder-diffraction
data of tak6uchiite are listed in Table l.

The crystal structure of tak6uchiite is closely re-
lated to the other members of the pinakiolite family
(Bovin et al.,1980b). As can be seen from Table 2, b

Table l. Powder diffraction data for takduchiite. Intensities
visuallv estimated

I . / Io d(obs) d(calc) h k f L / I o  d ( o b s )  d ( c a l c )  h  k  I

and c are almost identical to those of the ludwigite
and orthopinakiolite.

Morphology

Tak6uchiite occurs as acicular, isolated crystals
(Fig. 2). The dominant form is {320} as can be seen
in a cross section of the crystal in Figure 3. The crys-
tal faces are sometimes striated in the c-axis direction
due to alternating growth of other forms together
with {320}. The indices of the other forms have not
been determined. Some crystals have terminated

Fig. 2. Photograph of two tak6uchiite crystals imbedded i_n
dolomite/calcite.

2 0  5 . 7  4

8 5  5 . 2 0

6 5  3 . 0 2

4 0  2 . 7 6

7 0  2 . 7 3

9 0  2 . 6 0

6 0  2 . 5 2 6

I 0  2 . 4 5 a

45 2 .23A

7 0  2 . 2 0 9

l 0  2 . o ' 7 5

8 0  2 .  0 3 5

6 . 0 5  0 0 1

5 . 9 0  1 0 1

5 . 7 3  2 2 0

5 . 3 5  1 r r
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3 . O 2  0 0 2

2 , 6 0  6 4 4

2 , 4 5 9  7  4  0

2 , 3 5 4  7  r  2

2 . 2 3 9  7  2  2

2 . 2 r O  6  5  0

2 . 0 7 6  6  s  t

2 . 0 3 4  8  5  0

2 . 0 3 4  9  2  2

2 , 0 3 4  t 0  0  2

5  2 . O O 7

3 0  I . 9 9 7

5  1 . 9 6 0
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5 0  1 . 9 1 5
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6 0  1 . 5 8 2

2 0  I . 5 6 2

4 0  r .  5 3 7

3 0  1 . 5 2 3

1 0 0  I  . 5 I r

6 0  L . 4 ' 1 L

5 5  1 . 3 8 0

6 0  1  . 3 0 5

2 . 0 0 8  1 0  I  2

2 . 0 1 0  r  0  3

. r . 9 9 8  A  3  2

1 . 9 6 I  r 0  4  1

r . 9 1 5  r  2  3

t .64 ' t  5  6  2

r .581 7  '7  L

1 , 5 3 7  4  I  0

I . s 2 3  I  I  1

1 . 5 1 1  0  0  4

I . 4 ' 7 0  0  2  4

1 , 3 8 1  9  
' 7  2

1 . 3 0 5  5  7  3



n32 BOVIN AND O'KEEFFE: TAKEUCHIITE

Table 3. Chemical analyses of elemental percentages for
tak6uchiite, pinakiolite, and orthopinakiolite. Standard deviations

for the last digit are given within brackets for takEuchiite

Elements Mineral

Pimkiol i te* Orthopinakiot i te** Tak6uchi i te

M9

Mn

Fe

T i

o

2 0 . 7

3 2 . O

o . 7

0 . 6

0 . r

3 9 . 8

34.4

5 . 8

1 8 . 6  (  3 )

3 1 . 7  ( 5 )

s . 2 ( t )

0 . 3

Fig. 3. Photograph showing the cross section of a tak6uchiite
crystal.

ends with crystal faces not parallel to the c axis. Such
faces are very small and have not been indexed. The
crystals can be up to l0 mm long and 0.5 mm thick.
Fracture is uneven.

Physical properties

Tak6uchiite is black with metallic luster at crystal
faces. The opacity precluded measurements of re-
liable optical parameters. Its streak is brown. The
hardness (Mohs) is approximately 6, the same as for
orthopinakiolite. The calculated density is 3.93 g/
cm'. Takduchiite shows no fluorescence in ultraviolet
radiation and is not ferromagnetic. Crystals are fairly
stable in an electron beam accelerated at 100 kV.

Chenistry

Crystals of tak6uchiite were chemically analyzed
with the Cameca MS46 electron microprobe of the
Arizona State University microprobe laboratory, uti-
lizing an operating voltage of 15 kV (10 kV for light
elements) and a beam current of 45 nA (or 150 nA
for light elements). The standards used were rhodo-
nite for Mn, Springwater olivine for Mg, Fe, Si, and
sphene for Ca and Ti. In determining boron, pina-
kiolite was used as standard, and it was found that.
within experimental error, the content of boron is the
same for pinakiotls and tak6uchiite. A wavelength-
dispersive scan indicated no other elements with
atomic number greater than nine. Calcium and sili-
con were found in trace amount only. The mean
value of 12 analysis points of four di-fferent crystals is
presented in Table 3 and is compared with f,lrblished
analyses for pinakiolite and orthopinakiolite. No in-
vestigation was performed to determine the oxidation

*"theoret ical"  fornula of Moore and Araki  (1974)

* * T a k 6 u c h i  ( 1 9 7 8 )

* * r h v  d i  f f a ' 6 n ^ a

state of iron, but judging from orthopinakiolite
(Tak6uchi et al., 1978) iron should be trivalent.
Tak6uchiite is intermediate in composition between
orthopinakiolite and pinakiolite, as might be ex-
pected from structural considerations (Bovin el a/.,
1980b).

The ideal formula of minslals of the pinakiolite
family is M'BO,, where M represents octahedrally-
coordinated ions of total charge *7. Accordingly, we
have used the analysis reported to Table 3 to calcu-
late the atomic composition, based on three octahe-
dral cations: Mg, .rMn3lrMn3irFe3oirTit_*o,BOr. The el-
emrcntal composition in weight percent according to
this formula is Mg 18.7, Mn 31.9, Fe 5.1, Ti 0.3, B
5.2, O 38.7, in close agreement with that observed.
The percentage figures computed from the ideal
structure can differ fron the experimentally deter-
mined ones because crystals of tak6uchiite as well as
those of pinakiolite and orthopinakiotte contain a

Table 4. chemical 
".-;[#:'T3BO, 

minerals related to

Mineral  &
Reference

Structural Fornula

Pinakio l i te
M@re e Araki  (1974)

Hulsi te
b@ert et  aL .  (7976)

Lutlwig ite
rak6uchi et  al ,  (1950)

Vonsenite
Tak6uchi ( I956)

OrthopiEkiol i te
Tak6uchi et  a_I.  (1978)

Tak6uchi i te
this work

ug1 , 6 sunfrl9 9ur3t 1al 3*,r.3*,Mn4+) 
9. 1 1Bo5

ue e.6ar"!],* 6rufi]. rs.l], o ro.

( M 9 , F e -  ) 2 F e '  B O s

Mgo . 7sFeil25re3+Bos

us1 . ,* 2M"02]a 3u^fi lr rr"jfr2nou

us1.  5eu"02]a2r f t  l f  r6 r " l ]  r  r r i l f  6  1ao5



considerable number of structural defects (Bovin et
al., l98oa). The structural defects are very likely as-
sociated with local deviations from the ideal stoichio-
metry. The chemical formula of tak6uchiite is com-
pared to the formula of the other known members of
the pinakiolite family in Table 4. Tak6uchiite is in-
soluble in concentrated HC| HNO3, and HrSOo.
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