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Miharaite, CuaFePbBiS6, a new mineral from the Mihara mine, Okayama, Japan
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Abstract

Miharaite, CqFePbBiSo, is a new sulfosalt discovered at the Mihara mine, Okayama Pre-

fecture, Japan. It occurs only as minute (<0.3 mm) grains in bornite, closely associated with

chalcopyrite, galena, and wittichenite in bornite-rich skarn ores. The crystallographic param-

eters of miharaite at 25"C are: orthorhombic, space grottp Pbmm, Pb2m, or Pb2rm, a :

10.854(4), , : I1.985(4), c : 3.871(l) A, Z:2, cell volume : 503.6(3)43. The stronge,st lines

in the X-ray powder pauern are 3.75(60X130), 3.25QO)(O2L),3.11(55X320)' 3.03(l00x2ll)'

3.00(90)(040),2.68(80)i301),2.18(60)(4ll). The calculated density is 6.06 g/cm3. In reflected

light, it is pale gray to grayish-white with slight bireflectance and moderate anisotropism

from grayish-tfi to pi.kish-brown. The optical properties are quite similar to those of wit-

tichenite. Reflectances in air are: 29.6-30.Wo in 480 nm, 30'8-3l.5vo in 546 nm, 31.7-3257o in

5g9 nm, 3Z.l-34.2Vo in 657 nm. Vickers microhardness is 190-230 kg/cfr. The average of six

microprobe analyses gave Cuo.-Fer ooPbr orBir.oos5 e1 8s 8Il empirical formula, very close to the

proposed formula CueFePbBiSr.
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der with Hiroshima Prefecture, and is about 20 km
west of Takahashi along the Hakubi railway line be_
tween Kurashiki and Niimi. The mine is a metaso-
matic skarn deposit of copper, embedded in the
Koyamaichi Paleozoic limestone group (Soed a, 1960;
Soeda and Takeno, 1975; Soeda and Hirowatari.
1975). In the Honpi deposit, one of four deposits in
the mine, the copper grade of the ore increases with
depth, and the bornite in which miharaite has been
found occurs at the lowest levels. The bornite occurs
as disseminations in a hedenbergite-garnet_epidote
skarn associated commonly with chalcopyrite. Oc-
currences of copper-bismuth sulfosalt minerals asso-
ciated with bornite from this deposit were first re-
ported by Soeda (1963), and Sugaki et al. (1974a\
confirmed by microprobe analyses that the copper-
bismuth sulfosalt mineral was wittichenite, Cu3BiS3.
Wittichenite occurs both as separate grains and asso_
ciated with chalcopyrite and/or galena as small gran_
ules or drops (10-30 microns) in bornite, and some-
times along grain boundaries of bornite as stringers
or chains of drops. From this association, Sugaki et
al. (1974a) suggested that wittichenite, as well as
chalcopyrite, is probably a product of exsolution
from a bornite solid solution stable at high temper-
ature.

Miharaite occurs in bornite in the same association
and textural setting as wittichenite. It occurs only mi-
croscopically, generally several tens of microns in
size but up to 0.3 mm, as tiny granular drop-like
shapes or irregular masses, closely associated with
chalcopyrite, galena, and sometimes wittichenite. Se-
lected examples of these occurrences are shown in
Figure l. Miharaite grains, up to 150 microns, occur
in bornite closely associated with chalcopyrite (A),
and an irregular intergrowh of miharaite and galena
is found in bornite, with exsolution lamellae of chal-
copyrite (B).

Physical and optical properties
In reflected light, miharaite is pale gray to grayish_

white with faint bireflectance and shows moderate
anisotropism from grayish-blue to pinkish-brown.
No internal reflections were observed. The optical
properties are so similar to those of wittichenite that
it is almost impossible to distinguish the two by
simple microscopic observations. However, when the
minerals are in contact with each other, miharaite
appears slightly darker. With chemicnl slshing miha-
raite can be readily distinguished from wittichenite.
When exposed to HNO. (l:l), wittichenite etches
slowly and gradually becomes brown, but miharaite
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Fig. l. Photomicrographs of miharaite intergrown with
chalcopyrite and/or galeta in bornite. (A) intergrowth with
chalcopyrite; (B) intergrowth with galena, and exsolution lamellae
of chalcopyrite in bornite. mih: miharaite; cp: chalcopyrite; bn:
bornite; gn: galena.

is not affected; in addition, the former is etched with
KCN (207o), whereas the latter does not react to it at
all. Miharaite is slightly stained to a bluish tint by
KOH (sat.) and is negative to HCI (l: l), FeCl,
(2OVo), and HgCl (sat).

The optical reflectivity of miharaite was measured
with a Leitz microphotometer MPV II at four wave-
lengths, 480 nm, 546 nnt,589 nm, and,657 nm, as ob-
tained by line filters. The results are compared with
those of coexisting wittichenite in Table l. The con-
ditions of the measurements were as follows: light
source, halogen tungsten lamp 10.5 Y,7 .l A; applied
potential of a photomultiplier (EMI 9558B) 700 V;
objective lens x20; measured area 30 x 30 microns.
The reflectance standards used included tungsten-ti-
tanium carbide and silicon carbide calibrated by
Zeiss Ltd., and glass prism 1.9 by Leitz Ltd. Table I
shows that the reflectance of miharaite is slightly
lower than that of wittichenite in the short wave-
length range, but are nearly the same for both in yel-
low to reddish light.

The Vickers microhardness number ranges from
190 to 230 kg/mn2; this range is similar to those for
other copper bismuth sulfosalt minerals as described
by Uytenbogaardt and Burke (1971). The measure-
ment was carried out with the Akashi microhardness

Table l. Reflectance in air and Vickers microhardness of
miharaite compared with coexisting wittichenite

Miharai te t l i t t icheni te

P a f I  a ^ f r n ^ a  l 9 \

tr (nm)

4 8 0  2 9 . 6  -

5 4 4  3 0 . 8  -

f 6 y  3 L -  I  -

o ) /  J z . I  -

3 0 . 3

3 r . 5

3 4 . 2

3 0 . 9  -  3 4 . 7

3 L . 7  -  3 5 . 4

J I . Y  -  J f , .  J

J I . U  -  J + . ]

Vicker's he4lness (kqlmm2)

t90  -  230 180  -  2 I0
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tester MVK-D with 25 gload and 15 seconds loading
time.

Chemical comPosition

Miharaite contains Cu, Fe, Pb, Bi, and S, as is
clearly indicated by the X-ray scanning photographs
of miharaite coexisting with bornite and chalcopyrite
shown in Figure 2. Other elements, especially Ag, Sb,
or As, which may possibly occur in solid solution in
such sulfosalts, have not been detected.

The chemical compositions of six grains of miha-
raite in two polished specimens were determined by
electron probe microanalyzer. The Hitachi electron
probe microanalyzer model XMA-5 was used. The
conditions of analysis were as follows: accelerating
voltage 20 kV, take-offangle 38", absorption current

O.O2p.A on CuFeSr, electron beam size 3pm on CdS

crystal, and crystals of LiF for CuKc, FeKa, PbLa,

and BiIc, and ADP for SKa. Synthetic Bi2Sr, PbS,

and natural chalcopyrite were used as standards for

Bi and S, for Pb, and for Cu and Fe, respectively'
The measured X-ray intensities, mean values of

five tines counting for ten seconds on each grain and

standard, were corrected by the Bence-Albee proce-

dure (1968) using a-factors for sulfide minerals of the

Cu-Fe-Pb-Bi-S system (Sugaki et al-,1974b' 1976)'

The a-factors for the Cu-Fe-Pb-Bi sulfides were ob-

tained by a least-squares calculation based on the rel-

ative intensities measured on synthesized sulfide

minerals.
The analytical results are listed in Table 2 along

with the atomic formula based on 13 ions calculated

Fig. 2. X-ray scanning microphotographs showing the distribution of elements in an assemblage of miharaite coexisting with

chalcopyrite and bornite. (A) reflected electron irnage; (B) CuKc irnage; (C) FeKc image; (D) Pbl'c inage; (E) BiZd image; (F) SKc

rmase.
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Table 2. Results of electron probe microanalyses on miharaite from tle Mihara mrne

Weight percent

cu Fe pl  s l--  S 
-T"t- f

Cu Fe Pb Bi_ S

Atomrc Chemical fomula
(Totaf atons=l-3)

I  2 8 .  0 0  5  . 9 4

2  2 8 . 1 7  6 . 2 5

3  2 a - 4 2  6 . 1 2

4  2 A . 2 3  5 . 9 2

5  2 A . 2 9  6 . 0 ' 7

6  2 8 . 3 1 _  6 . 0 0

Average 24 .24  6 .05

' " E 8 r t p .  
2 i . 6 7  6 . o B

2 2 . 6 4  2 2 . 9 0

2 2 . 5 3  2 2 - 4 5

2 2 . 7 r  2 2  - 7 A

2 3 . 0 1  2 3 . 0 6

2 2 . 7 4  2 2 . 7 2

2 2 . 6 ' , 7  2 2 . 6 0

z z -  t z  z z .  / 5

2 2 . 1 0  2 2 .  I 5

2 0 . 6 7  1 0 0 . 1 5

2 0  , 6 3  1 0 0  . 0 3

2 0 . 4 0  I o o . 4 2

2 0 . 5 4  1 0 0 . 7 6

2 0 . 6 2  1 0 0 . 5 4

2 0 . 7 4  1 0 0 . 3 2

2 0  . 6 0  1 0 0 .  3 6

2 0 . 9 4  1 0 0 . 0 0

3 I . 2 4  7 . 5 5  7  . 7 5

3 1 . 3 3  7 . 9 I  7 . 6 9

3 1 . 6 8  7 . ' 1 6  7 . 7 6

3 L . 4 6  7 . 5 L  7 . 8 6

3 1 . 4 5  7 . 6 8  7 . 7 5

3 1 . 4 3  7 . 5 8  7  . 7 2

3 1 . 4 3  7 . 6 6  7 . 7 6

3 0 . 7 7  7 . 6 9  7  . 6 9

7  . 1 7  4 5 . 7 L

7 . 5 9  4 5 . 4 8

7  . 7 2  4 5 . O 7

7 . 8 1  4 5 . 3 6

7  . 6 A  4 5 . 4 4

7  . 6 3  4 5 . 6 4

7 . 7 0  4 5 . 4 5

7  . 6 9  4 6 . I 5

C u q .  6  p F e g  ,  g  e P b  r  .  o  1 B i  t  .  9  1 5 5 . 9  q

C u 4 .  e 7 F e 1 . s  1 P b 1 .  9 6 B i s . 9 9 5 5 .  9  1

C u 4 . 1  2 F e 1 .  o  r P b r .  o  1 8 i 1 . 6  6 5 5 ,  s 5

C u r .  o g F e o . e 6 P b 1 . 6 2 B i ; .  o z S s .  g o

C u a . 6 9 F e 1 .  o o P b t ,  o  1 B i 1 .  6 p S 5 .  9  1

C u q .  6 9 F e 1 .  0 6 P b t .  0  1 B i 1 .  6 6 5 5 . 9 1

C u q . e e F e l .  0 o P b 1 . o  1 B i 1 .  e e S 5 .  9 1

Cu4 FePbBiS 6

from the data. Six analyses show the same results
within analytical error. Total relative errors of these
analyses are assumed to be less than l%o against the
individual values in weight percent on copper, iron,
lead, and bismuth, and less than 2Vo on sulfur. The
empirical formula for miharaite of CuoorFe,oo
Pb,o,Bi,-Srn, was obtained from the average of six
analyses, and the suggested idealized formula is
Cu+FePbBiSu.

Crystallography

For the X-ray study, several small grains were
picked from the polished sections. Etching proved
useful in distinguishing the target mineral from the
others. When a polished section was etched by KCN,
the effect of the reagent after 20-30 minutes on bor-
nite and wittichenite was strong, leaving only miha_
raite in optical reliefon the surface.

Crystallographic data were detennined using a
precession camera and the Philips computer-con_
trolled single-crystal diffractometer model pW_l 100
at25oC; the results are shown in Table 3.

Based on the systematic extinctions of ft : 2n for
Om, Okl, and hkl reflections observed on the pre-
cession photographs and the data from the single-
crystal diffractometer, the space group was deter-
mined to be one of three possible, pbmm, pb2m, and

Pb2rm. Precise lattice constants were determined by
the least-squares calculation of 54 reflections (cor-
rected in advance by the standard quartz) observed
in the range of 20 between 12" and 20o on mono-
chromatized MoKa radiation. They also coincide,
within experimental error, with those obtained from
the precession photographs. The density could not be
measured because of the minute size of the mineral,
but the calculated value is 6.06 g/cm'with Z:2.

Table 4. X-ray powder diffraction data of miharaite

d (meas )  A r /  L 0 d  ( c a l c )  A  I , / I o a hk l

Table 3. Crystallographic data of miharaite

8 . r
5 . 4 5
5 . 2 5
4 . 9 6
3 . 7 5

3 . 4 4

3 . 2 5

3  . 1 6

3  . 1 1

3 . 0 3
3  . 0 0
2 . 9 0
2 . A O
2  - 7 0

2 . 6 4

2  . 5 7

2 . 4 7

2 - 4 2
2 - 3 7
2 . 2 5

2  . I 8

2 . 1 3
2 . O 9
2 . O O
1 . 9 8 1

1 . 9 3 5

1 . 9 0 3

I  . 0 5
5 . 4 3
5 . 2 5
4 . 9 5
3 . 7 5

,  3 . 4 9
t  

3 . 4 6

{  
3 . 2 5

-  
3 - 2 2
3 . 1 5

r  3 . l r
t  3 . r o

3  . 0 5
3 . O 0
2 .  8 8 8
2 . 7 A 9
2 . 6 9 3

(  2 . 6 4 7
'  2 . 6 4 3

2 .  581
I  2 - 4 7 4
t  2 . 4 ' 1 L

2 . 4 t A
2 . 3 6 9

2 . 1 3 6
2 . O A 3
2 . 0 0 3
! . 982

I  I . 9 4 2
t  r . 9 3 e

1 . 9 0 3

110
200
L20
2 I O
1 3 0
I 1 1
310
o 2 I
230
20L
L 2 I
320
2LI
040
1 4 0
2 2 I
1 3 t
4 L O
30I
3 1 1
23L
4 2 0
32L
0 4 1
4 3 0
250
4 1 1
24r
510
42L
t 5 l
34L
43L
oo2
25r

3

t

3

10
7
2
I
3

3

t

2

I
2
1

5

2 3
28
2 A
60
44
39
7L
6
5

IO
54

100
90
3 2
9

35
34
79
10
4 7
10
l l
31

Crystal  system

q h r ^ 6  ^ , ^ " ^

Cel I  d imens ion

Orthorhombic

Pbnm, Pb2n, or  pb2tm

a  =  1 0 . 8 5 4  I  0 . 0 0 4  A

b  =  1 1 . 9 8 5  t  0 . 0 0 4  A

c  =  3 . 8 7 I  I  0 . 0 0 t -  A

2 . 2 1 2  5

|  2 . 1 9 3  3 8
1  2 .145  58
'  2 . L 7 t  3 0

I I
I

2 I
48
24
29
2 0

7

tCe1 l  vo l ume  503 .6  1  0 .3  A3

Dens i t y  ( ca l c . )  6 . 06  g / cm3
* Relative intensities were measured by the four

circle single-crystal dif fractometer.
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Table 5. Experimental conditions for the attempted synthesis of

miharaite

Ru No.  S tar t ing  mter ia ls
T4P '  Trme 

Produc ts
( ' c )  ( d a y s )

been reported to date. It would appear that miharaite
is quite rare in occurrence.

Miharaite could not be synthesized in the dry ex-
periments; at 300"C the assemblage aikinite-galena-
chalcopyrite-bornite appears stable. Miharaite is
probably stable, therefore, only to some temperature
below 300oC.

Recently, we have found niharaite in samples
from the Imooka mine, a quartz-vein deposit in gra-

nitic rock at Okutsu-cho, Tomada-gun, Okayama
Prefecture (Handa, l95l). Miharaite occurs here also
in bornite-rich ore. The intimate relationship of
miharaite with bornite associated with other copper-
bismuth sulfosalts (e.g. wittichenite) is noted, but its
significance is not known at this time. The occur-
rence and properties of miharaite from the Imooka
mine will be described in another paper.
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Mtr- l  3cu2s+2cus+2Fes+2Pbs+Bi2S3 5OO

m-2 '  40O

Mh-3 " :oo

fr-4 " 3oo

Mh-5 Cu3BiS 3+CuS+FeS+PbS 500

Mh-6 " 4OO

Mh-7 Cu3BiS3+CuFeS2+PbS 400

Mh-8 " 3OO

30 bn+l iq

30 aik+gn+cp+bn

13 gn+aik+wit+cp+bn

115 aik+gn+cp+bn

29 bn+1iq

29 aik+bn+cp

14 aik+bn+gn+cP

14 9n+wit+cP+bn+aik

a ik :  a ik in i te ,  gn :  ga lena,  cp :  cha lcopyr i te ,  bn :  b rn i te ,

w i t !  w i t t i chen i te ,  1 iq :  l iqu id

An X-ray powder pattern of miharaite was ob-
tained by a Debye-Scherrer camera, and the data arc
shown in Table 4. A Rigaku Debye-Scherrer powder
camera (114.59 mm in diameter) was used with Ni-
filtered CuKa radiation. An internal standard of pure
Si (a : 5.43054A) was utilized. Calculated d-spacings
and indices obtained from the single-crystal study
and measured intensities from the automatic single-
crystal diffractometer are shown in Table 4.

Synthesis

Attempts to synthesize miharaite in the pure 5-
component system were performed using the silica-
glass tube tecbnique. The results are summarized in
Table 5. Various combinations of starting materials
were mixed in the proper proportion of the chemical
formula. They were mixed thoroughly in an agate
mortar under acetone, placed in sealed evacuated sil-
ica-glass tubes and heated at 300" to 500oC for vari-
ous annealing periods up to four months.

Miharaite was not synthesized in any of these ex-
periments. At 500oc, a liquid phase exists for the
composition of miharaite. The assemblage of aiki-
nite, galena, chalcopyrite, and bornite was produced
in a long-time experinental run at 300oC. It would
appear that the other 300"C runs with wittichenite
represent disequilibrium. Attempts to synthesize
miharaite are still in progress.

Discussion

Miharaite is a sulfosalt mineral with five essential
components. Although many copper-lead-bismuth
sulfosalts such as aikinite CuPbBiS., gladite CuPb
BirS", nuffieldite CuoPb,oBi,os, etc. have already
been described, a sulfosalt mineral containing iron in
addition to these three metallic elements has not




