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Tsumoite, BiTe, a new mineral from the Tsumo mine, Japan
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Abstract

Tsumoite, BiTe, is trigonal, P3ml, a : 4.422(2)A, c : 24.05(2)A, Z = 3lBizTerl, and is a
new mineral with a sheet structure composed of l2 monoatomic layers in a cubic close-packed
stacking sequence analogous to synthetic BiSe. It is silver-white in color, luster metallic and
streak steel-grey, and has perfect basal cleavage. Specific gravity is 8.16 * 0.05(meas),
8.23(calc). vickers hardness is in the range 5l-90 kglmm,(15 g load). Under the ore micro-
scope it is white with creamy tint, very weakly pleochroic, and moderately anisotropic. The
reflectivity is higher than that of associate tetradymite. It occurs as tabular crystals associated
with tetradymite, bismuthinite, cosalite, and galena in a clinopyroxene-garnet-quartz skarn
from the Tsumo mine, Shimane Prefecture, Japan. The principal X-ray powder diffraction
lines are: 4.78(w), 3.23(vs), 2.36(s), 2.21(s), 1.825(s), and 1.408(s); these being essentially
identical with those of synthetic BiTe and distinct from, but verv similar to. those of 15-
layered hexagonal bismuth chalcogenide.

Introduction

Although natural occurrences of minerals compo-
sitionally close to BiTe have been reported under the
name wehrlite, the authors' study on topotypic wehr-
lite (Ozawa and Shimazaki, in preparation) has
proved it to be a mixture of BinTe, and hessite. The
natural occurrence of structurally-verified BiTe is
here described under the new name tsumoite, with the
approval of the Commission on New Minerals and
Mineral Names, IMA; the type locality is the Tsumo
mine, Shimane Prefecture, Japan. Type material is
deposited in the University Museum, University of
Tokyo, Hongo, Tokyo, Japan.

Prior to the natural occurrence, the compound
BiTe was studied by Stasova (1964, 1961.) from its
analogy with synthetic Bi2Se, and SbrTe2. The present
structural study on natural BiTe substantiates the
structural analogy between them.

Besides wehrlite from the type locality, Deutsch-
Pilsen, Hungary, several wehrlites have been reported
in previous papers (e.g. Thompson, 1949; Sarkar and
Deb, 1969; Sakharova, l97l) .  Due to lack of ade-
quate X-ray diffraction data in the original papers, it

is not clear whether these wehrlites are tsumoite or
not. As will be shown below, tsumoite is character-
ized by c of about 24A. Wehrlite reported from
Treadwell Property, Ontario (Berry and Thompson,
1962) has c of about 30A, and is clearly not tsumoite.
The mineral seems to be rather close to tel-
lurobismuthite on the basis of the X-ray powder dif-
fraction data.

Occurrence

The Tsumo mine is located about 50 km northwest
of Hiroshima City. The area comprises Paleozoic
sedimentary rocks, their metamorphic equivalents,
and acidic igneous rocks of late Cretaceous age. The
ore deposits are pyrometasomatic, and comprise
skarns composed principally of grandite garnet and
clinopyroxene with disseminated copper, zinc, and
lead minerals (Shimazaki, 1968). The studied mate-
rial was collected from the -60 m level of Tsumo
adit. Tsumoite is found as irregular aggregates up to
one cm across in a clinopyroxene-garnet-quartz
skarn. The aggregates include tablets of tsumoite up
to a few millimeters across in the center. surrounded
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0 . 1  4 . 4

9 9 . 9  r 0 0 . 5

4 5 . 4  8 1 . 4
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1 . 0  0 . 0
0 . 4  0 . 2

0 . 0  0 . 0
0 . 1  0 . 0

1 6 . 3  1 8 . 6

9 9  . 6  1 0 1 . 3

Table l. Electron probe microanalyses of minerals found in the
tsumoite-bearing aggregate

form, the galena was checked by the probe and found
to consist essentially of lead and sulfur.

Tsumoite is silver-white in color, luster metallic,
G : 8.23 (calc),8.16 + 0.05 (meas). Vickers hardness
range is 5l-90 kglmm'(15 g load)' Cleavage is basal
perfect. Under the ore microscope, the mineral is
white with a faintly creamy tint, and with very weak

reflection pleochroism. The reflectivity is higher than
that of associated tetradymite. Tsumoite is moder-
ately anisotropic between crossed nicols, and is
etched with HNO, and FeCls solutions.

As shown clearly by Strunz (1963), Stasova and
Karpinskii (1967), and Imamov and Semiletov (1970,
Table 2), the numbers of layers in the phases in the
systems Bi-Se, Bi-Te and Sb-Te can be calculated
from their compositions: that is, the number of layers
in the unit cell is three times of number of atoms in
the unit formula. According to this rule, the unit
formula of tsumoite should be written as BizTez in-
stead of BiTe, because it has a l2-layer structure, as
shown later, given by 3 X (2Bi + 2Te). In fact, many
previous investigators adopted the formulas as BizTez
and BirSer. However, for simplicity, the chemical
composition of tsumoite is expressed as BiTe in the
present paper.

X-ray diffraction results

Stasova (1967) analyzed the crystal structure of
synthetic BiSe, which belongs to the space group
P3ml. The structure is composed of a Bi-Bi double
layer alternating with two five-layer packs of the form

Table 2. Crystal data for tsumoite

BiTe, trigonal P3n1

a = 4 . 4 2 2 ( 2 )  A ,  c = 2 4 . 0 5 ( 2 )  A ,  v = 4 0 7 . 3  A ' ,  2 = 6

I  Tsuo i te  ( " io .ggnbo.oz) r .o r tu l .oo  
1

2  Tsuo i te  ( " io .gs"bo .oz l r .o t ( t "o .9g"o .o t )1 .00  
|  " " " .u  

o .

3  Tswi re  ( " io .gg"bo.oz) t .oo( r " t .oo"o .o t ) t .o rJ  B i+Pb+Te+s-2 '00

4 Tetrat l ld i te 
" i ta.at" t : .  

g"6." Bi+Te+S=35.0

5 cosa l i te  
" iZ .  tg  

( "b t .  
zo4o.ogCto .  oz)  t .  gz  (Sa.  gsT.o .  o t )  a .  g6

Bi+Pb+Ag+Cu+S+Te=9. 00

6 B ismuth in i te  ( " i r .gg"bo.o3cro  
.o t )  z .o3s2.g l  

B i+pb+cu+s=s-00

by monomineralic tetradymite bands up to 0.2 mm
thick and rimmed by a mixture of cosalite and bis-
muthinite, in direct contact with skarn minerals' In
some cases tsumoite is in contact with skarn minerals.
Galena is found along the basal cleavage of tsumoite
crystals as lamellae a few microns thick and up to 200
microns long.

Chemical and physical ProPerties

By means of Jnol XMA-5 electron probe micro-
analyzer with take-off angle 40o, chemical composi-
tions were determined for the minerals found in the
aggregates described in the previous section. The ac-
celerating voltage was 25 kV, and the standards used
were pure elemental Bi, Te, and Ag; synthetic PbS for
Pb; natural chalcopyrite of known composition for
Cu. Fe. and S. No other elements were detected
through qualitative tests. The X-ray intensities for
each point were measured five times for a fixed inter-
val of l0 sec. The averaged values were corrected for
dead time and background, and intensities of samples
relative to standards were obtained. Quantitative cor-
rections for atomic number, absorption, and fluores-
cence effects were performed by the method proposed
by Sweatman and Long (1969). Preliminary scan-
ning on tsumoite showed that the mineral is quite
homogeneous in composition.

Examples of analyses of the minerals are shown in
Table l Tsumoite has a composition close to Bi:Te
: l: l. Although precise quantitative analysis could
not be accomplished because of its thin bleb-like

- '1

- - 2

B i 1

b r ^

B i -

AloBic coordinates and

atoD x y

isotropic temPerature factors

z B
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0 . 3 6 3 r ( 9 )  1 . 3 ( 4 )

0 . 1 2 5 2 ( 4 )  0 . 7 ( 2 )

0 . 2 9 2 2 ( 4 )  0 . 7  ( 2 )

0 . 4 5 9 3 ( 6 )  2 . 3 ( 3 )
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Brr-Rir=3.22(2)

L /3  2 /3

2 1 3  r / 3

0 0

0 0

L /3  2 /3

2 / 3  r l 3

Interatonic distances

te r -Te r ,=3 .61 (2 )  A

re1 -811  =3 .09 (1 )

B11-Te2 =3.28(2)

Te|-RLZ =3.2I(2)
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Se-Bi-Se-Bi-Se.  The uni t  ce l l  conta ins l2  c lose-
packed layers along the c axis. In relation to these
results she mentioned that synthetic BiTe is clearly
isostructural with BiSe. Yamana et al. (1975) con-
firmed the suggestions by Stasova in their study of
synthet ic  BiTe.  In  order  to c lar i fy  the st ructura l  char-
acter of the present material, powder and single crys-
tals were studied with X-ray techniques.

A Laue photograph taken perpendicular  to  the
cleavage p lane showed the Laue symmetry tobeim.
Precession photographs of h\l and hhl yielded results
similar to those reported for synthetic BiSe (Stasova,
1967).  The lack of  systemat ic  absence permi ts  P3ml,
P321, and P3ml as possible space groups. There are
strong reflections which define a rhombohedral sub-
st ructure,  p lus some re lat ive ly  weak ones due to the
stacking of  substructure uni ts .  The d i f f ract ion in-
tensities ol l0l reffections were measured on the pre-
cession photographs (CuKa radiat ion)  us ing a micro-
densitometer with reference to a calibrated intensity
strip. In addition, several very weak reflections were
visual ly  est imated in the range of  densi t ies where the
densitometer was insensitive. However, only 100 of a
total of 281 independent reflections had an intensity
above the detectable l imit, since the existence of accu-
mulated substructure led to the absence of  many
reflections. Corrections for Lp and absorption effects
were applied (Acncn, Wuensch and Prewitt. 1965.
&cu : 2195). Since the lattice parameters and in-
tensity distribution in reciprocal space were closely
s imi lar  to  BiSe,  the atomic coordinates of  Bi  and Se
in BiSe were employed for  the in i t ia l  model ,  and then
refined in the space group P3ml (Onnr-s, Busing er
al., 1962). Several cycles of refinement for positional
parameters and isotropic temperature factors re-
duced the R index to 0.106 for the observed l0O h}l
reflections. Neutral-atom form factors given in Inter-
nqtional Tables, Vol. 3, p. 211 and 212 (1968) were
used.  Anomalous d ispers ion terms were considered.
Our results are summarized in Table 2, together with
interatomic distances (Onrru, Busing et al., 1964) and
other crystallographic data. Attempts to refine the
model proposed by Gobrecht et al. (1964) for BiSe
were unsuccessful. Although minor differences in
uni t -ce l l  d imensions and interatomic d is tances are
observed between tsumoite and synthetic BiTe (Sta-
sova, 1967; Yamana et al., 1975), it may safely be said
that  the present  mater ia l  is  the natura l  equivalent  of
synthet ic  BiTe.  The uni t  ce l l  o f  tsumoi te conta ins 6
BiTe and i t  is  composed of  l2  monoatomic layers.  Al l
atoms occupy the special position (c) or (d) of the
space group. The layer stacking and the arrangement

Table 3 X-ray powder pat terns of  tsumoite f rom the Tsumo mine
and synthet ic  BiTe
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r  d .

2

oDs carc hkl

m

s

m

s

s ( b )
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4  , 8 7

3 . 2 4
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2  , r 9
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| . 4 8 6
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r . 3 5 7
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1 . 2 8 0
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005

101
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109
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2t8
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I . 5 I 7  L . 6 L S  s  I . 6 2 0

w  1 . 5 5 6

1 . 4 4 7  I . 4 8 5  s  L . 4 8 7

1 . 4 0 8  L 4 O 7  B  1 . 4 1 3

m  1 . 4 0 1

w  1 . 3 6 2

w  1 . 3 3 3

I . 3 0 6  I . 3 0 4  n  1 . 3 0 9

I . 2 7 7  1 . 2 7 1  w  I . 2 8 0

I . I92
1 . 1 8 5  w  1 . 1 9 0

L. I47
1 . 1 4 0  w  1 . 1 4 9

1 . 1 0 6  1 . 1 0 6  w  1 . 1 1 1

L . 0 7 6  1 . 0 7 7  w  1 . 0 8 0

r , 0 4 6
1 . 0 4 5  w ( b )  I . 0 4 2

w

w  1 . 0 0 1  I . O O 2  w

w

a = 4 , 4 2 2 ( 2 )  A

e=24.05(2)

1 . 0 1 8  1 . 0 1 9

1 . 0 0 1  1 . 0 0 4

0 . 9 6 7 4  O . 9 6 9 7

a = 4 . 4 3 3 ( 3 )  A

c=24.04(3)

Ts@oite from th: Tsmo nlne, Shl@ne prefecture, Japan.

Cu/NI radiat ion. Camera nethod (p =f14.59 m).

Synthet lc BiTe. CulNi radlaEion. Caf iera merhod (d =114.59 m).

of atoms are expressed simply as follows:

-Te,-Bi,-Ter-Bir-Ter-Bir-

A B C A B C
Bir,-Ter,-B ir, -T e", -Bi r, -T e r, -
A B C A B C

Weak van der Waals bonding between Ter-Ter, (Ima-
mov and Semiletov, 1970) would account for the
perfect basal cleavage. The distance (3.61A) is com-
parable wi th those in tet radymite,  Bi rTerS (3.77 ,3.77 ,
4.10,  4.21A,  Paul ing,  1975),  te l lurobismuthi te,  Bi rTe,
(3.57A, Lange, 1939) and Sb,Te2 (3.60,4, Stasova,
t967).

Powder diffraction data for tsumoite are l isted in
Table 3, with comparable data for synthetic BiTe
prepared as follows. Bismuth and tellurium metals of
99.999 percent purity were weighed and sealed into
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an evacuated sil ica glass tube. After being heated for
7 days at 640oC, the tube was quenched, the contents
ground under acetone, again sealed and reheated to
the same temperature. After 2 days the tube was
cooled to 413'C and kept at that temperature for 6
days. Homogeneity of the product was examined
with the electron probe microanalyzer. The unit-cell
dimensions were determined using a least-squares
program.

The X-ray powder data for tellurobismuthite
(Berry and Thompson, 1962), hedleyite (Warren and
Peacock, 1945), and redefined pilsenite, BinTe,
(Ozawa and Shimazaki, in preparation) are very simi-
lar to those for tsumoite because of the existence of a
substructure unit common to all. One of the most
distinctive characteristics of the tsumoite pattern is
the position of (005), which varies near 4.8A as a
function of the BilTe ratio. This relation is also
found in the materials of Bi-Se binary system (Sta-
sova and Karpinski i ,  1967).

A hexagonal bismuth chalcogenide from Treadwell
Property, Canada, described under the name "wehr-
l ite" (Berry and Thompson, 1962), has a unit cell
with c =30A, in which the existence of l5 layers is
expected. The X-ray powder data are very close to
those for tsumoite except the reflection near 4.8A,
which appears near 5.0A with the index (006). In view
of this fact, the chemical composition of this wehrlite
may be close to that of tellurobismuthite.

Acknowledgments
We thank Dr Akira Kato for  h is valuable discussion through-

out  the work,  and cr i t ical  reading of  the manuscr ipt .  The present

experiment and computation were partly performed in Gtittingen,
Germany One of  us (TO) is  grateful to Professor V.  Kupbik for  h is
interest  in th is work.  to Mr.  M. P.  Machin for  d iscussion.  and to
the Alexander von Humboldt-Stiftung for the financial support.

References

Berry, L. G. and R. M. Thompson (1962) X-ray Powder Darafor
Ore Minerqls: The Peacock Atlas. Geol. Soc. Am. Mem. 85.

Busing,  W R ,  K.  O. Mart in and H. A.  Levy (1962) Onr ls,  a

Fortran crystallographic least-squares program. U. S. Natl.

Tech Inf. Seru. ORNL-TM-305.
2nd - (1964) Onrrr, a Fortran crystallographic

function and error program. U. S. Nall Tech. Inf. Seru. ORNL-

TM-306.
Gobrecht ,  H. ,  K.-E.  Boeters and G. Pantzer (1964) Uber Kr is-

tallstruktur und elektrische Eigenschaften der Wismutselenide

Bi,Se, und Bi,Se". Z Phys., 177,68-83.
Imamov, P.  M. and S.  A.  Semi letov (1970) The crystal  s t ructure of

the phases in the systems Bi-Se, Bi-Te and Sb-Te. Kristallogr.,

15, 972-978. [transl. Soulet Phys Crystallogr., 15, 845-850
(197  l  ) 1 .

International Tables for X-ray Crystallography (1968) Vol. 3, 2nd

ed. Kynoch Press, Birmingham.

Lange, P. W. (1939) Ein Vergleich zwischen Bi,Tes und Bi,TezS.

N at.urwissenschaften, 27 , I 33- I 34.
Paul ing,  L (1975) The formula,  st ructure,  and chemical  bonding

of  tetradymite,  Bi ,nTe,rSr,  and the phase Bir .Te'uSu. Am. Min '

eral , 60,994-997.

Sakharova,  M. S.  (  l97l  )  New data on the composi t ion of  wehr l i te.

Dokt Akad. Naak S.SSR, 20A, n92-l194. [transl. Dokl Akad.

Sci USSR, Earth Sci. Sections, 200, 167-169 (1971)l'

Sarkar,  S.  C and M. Deb (1969) Tetradymite and wehr l i te f rom

Singhbhum Copper-Belt, India. Mineral Mag , 37, 423-425.

Shimazaki ,  H.  (1968) Ceology and ore deposi ts of  the Tsumo

mine, Shimane Prefecture Japan. J. Geol. Geogr', 39, 55-'11.

Stasova,  M. M. (1964) X-ray invest igat ion of  some bismuth and

antimony chalcogenides. Zh. Struct. Khim', 5,793-794' lfiansl.
J.  Strucr  Chem ,  5,731-732 (1964)1.

-  (1967) Crystal  s t ructure of  b ismuth selenides and bismuth

and ant imony te l lur ides Zh.  Struct  Khim.,8,655-660. [ t ransl .
J  S t ruc t .  Chem. ,8 ,584 -589  (1967 )1 .

-  and O. G. Karpinski i  (1967) Layer st ructures of  b ismuth

tel lur ides and selenides and ant imony te l lur ides.  Zh.  Struct .

Khim., 8, 85-88 [transl J. St ruct. Chem , 8, 69-72 (1967)).

Strunz,  H.  (1963) Homdotypie BirSer-BizSee-Bi 'Ser-Bi .Se,  usw.

(Platynit, Ikunolith, Laitakarit). Neues Jahrb. Mineral. Mon-

a t sh ,154 -15 ' 1 .
Sweatman, T R. and J.  V P.  Long (1969) Quant i tat ive electron-

probe microanalysis of rock-forming minerals. J. Petrol', 10,

332-379.
Thompson, R.  M. (1949) The te l lur ide minerals and their  occur-

rence in Canada. Am. Mineral., 34,342-382'

Warren,  H.  V.  and M. A.  Peacock (1945) Hedleyi te!  a new bismuth

tel lur ide f rom Br i t ish Columbia,  wi th notes on wehr l i te and

some bismuth-tellurium alloys. Uniu. Toronto Stutlies, Geol.

Ser. .  49.  55-69.
Wuensch,  B.  J.  and C. T.  Prewit t  (1965) Correct ions for  X-ray

absorption by a crystal ofarbitrary shape. Z Kristallogr., 122'

24-59.
Yamana. K. ,  K Kihara and T.  Matsumoto (1975) Crystals in the

system Bi-Te. (2) The crystal structure of BiTe (abstr.). (in

Japanese) Abstr Annual Meeting 1975, 1287. Mineral. Soc. Ja-

pa  n .

Manuscript receiued, Nouember 5, 1976; accepted

for Publication, March 17, 1978.




