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Seleniferous lead-bismuth sulphosalts from Falun, Sweden:
weibullite, wittite, and nordstriimite

WrLLrau G. Murr{rrae
CSIRO Division of Mineral Chemistry

P.O. Box 124, Port Melbourne
Victoria 3 207, Australia

Abstract

Studies of specimens from Falun, Sweden, reported to contain the two minerals weibullite
and wittite have established at least three selenium-rich bismuth-lead sulphosalts of similar
chemistry. A nomenclature is proposed in which two of the minerals retain the old names
weibullite and wittite, while the third is given the new name nordstrcimite. Weibullite,
AgorrPbt..Bi655SeuesSlq nr, is orthorhombic Pnma with a : 53.68, b: 4.11, c: 15.40A; nord-
str6mite, CuPb3Bir(Seo,S,o), is monoclinic Y2r/m with a : 17.97, b : 4.11, c : 17.62A and B
: 94.30'. Wittite, Pbo354rBL4366(Seororu,sornro), is monoclinic with two lattices. The sub-cells
o f t hese two la t t i cesa re : l a t t i ceA ,Y2 /m,a :4 .19 ,b :4 .08 ,c :15 .56A ,F :101 .35o ; l a t t i ce
B, A/m, a:7.21, b = 4.08, c : 15.50A, F:98.75". They are virtually identical to those
found in cannazaite.

Introduction

The early investigations of the mineral later
known as weibullite were carried out by Nordstrdm
(1879), Atteberg (1874), and Weibull (1885), all of
whom thought it to be a seleniferous galenobismu-
1i1s. F'link (1910) proposed that it was really an inde-
pendent species and named it weibullite. Johansson's
studies in the 1920's were summarized by Wickman
(1948). The chemical analyses and X-ray data in Jo-
hansson's notes indicated that he believed that this
material was a selenium-bearing galenobismutite.
This result was again challenged when Peacock and
Berry (1940) examined "galeno-bismutite" from Fa-
lun, Sweden (ROM M12992) and found that it con-
tained bismuttrinite and two other minerals. They re-
ported that the main one had a monoclinic cell with a
: 18.03, b : 4.04,c : 17.53A, and B : 94"29'; the
other was hexagonal with a : 4.20 and c : 13.22A.
These two minerals were designated weibullite and
selenjoseite respectively by Berry and Thompson
(1962), who also concluded that specimens from Fa-
lun labelled "galenobismutite" (NMNH 84460;
ROM M12992); weibullite CNMNH R6532); and "se-
leniferous chiviatite" (NRS, 24083, type, Falun, Swe-
den) were mixtures of weibullite, selenjoseite, and
bismuthinite, and that pubtshed analyses of such

specimens therefore gave the composition of the mix-
tures.

Walker and Thompson (1921) concluded from mi-
croscopic examination and a chemical analysis (by
Todd) that a specimen from Falun was a mixture of
cosalite, bismuthinite, and guanajuatite. Texts such
as Sindeeva (1964), Vlasov (1964) and Dana's Sys-
tem of Mineralogy (Palache et al.,1944, p. 473) quote
old chemical analyses for weibullite (Table l) but
acknowledge that the mineral may be a selenium-
bearing galenobismutite rather than an independent
species. Povarennykh (1972, p.250) equates it with
Se-galenobismutite.

Wittite was first described by Johansson (1924). Its
composition was apparently well established (Bi
43.33, Pb 33.85, S 12.14, Se 8.46, plus minor amounts
of Cu, Ag, Zn and Fe), as were its physical proper-
ties. However a crystal system was not definitely as-
certained for this mineral.

Recent studies of weibullite and wittite

Karup-Mfller (1970) examined specimen BSF
1753 labelled "Weibullite from Falun Gruva" from
the mineralogical collections at Bergsskolan in Fi-
lipstad, Sweden. His examination of this material,
which Berry and Thompson's earlier work suggested
would be a mixture of weibullite, selenjoseite, and
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Table l. Chemical analyses of "weibullite," taken from the
literature

Fe

Cu

Pb

Ag

B i

S

Se

suggested to Dr. Karup-Mlller that, based on the
monoclinic cell of Peacock and Berry (19a0), the for-
mula of weibullite was probably Pb.BLSnSeo.

Mumme (1976) tried to discriminate between the
three chemically closely related minerals weibullite,
wittite, and proudite. Specimens of weibullite and
wittite provided respectively by Dr. Karup-Mlller
(Copenhagen University) and Dr. Aberg (Natur-
historiska Riksmusseet, Stockholm) were examined
in our laboratories and an individual identity for
each was established. However in contrast to the re-
sult in Berry and Thompson (1962), what we identi-
fied as weibullite in BSF 1753 [from Karup-Mlller's
(1970) description and comparison of the microprobe
analyses (Table 2a)1, was found to have ortho-
rhombic symmetry, spaoe group Pnma, with a :

53.68(9), b : 4.ll(l), c : 15.40(2)A. For the speci-
men of wittite (which in all probability was the mate-
rial studied by Johansson-Dr. Aberg, private com-
munication), X-ray single-crystal and powder data of
poorer quality were obtained which made the study
of its crystal structure impracticable. In fact the pow-
der data for wittite were indexed using only a "sub-
cell" determined from poor Weissenberg photo-
graphs obtained from small fragments. Nevertheless
this specimen of wittite was determined to represent
a unique species and was not a mixture of Se-rich
hammarite as has been proposed by Strunz (1957),
Povarennykh (1972) and Sindeeva (196\.

A subsequent crystal structure determination of
proudite established its ideal composition to be close
to CuPb"Bi"rr(S,Se)r, (Mumne, 1976). Then, as part
of a continuing investigation of selenium-bearing bis-
muth-lead sulphosalts, the crystal structure determi-

Table 2b. Microprobe 
;;ffiil", 

proudite, wittite, and

5 7 . 2 4

9 .  3 6

1 4 . 0 3

0 . 6 1

0 . 7 7

2 4 . 6 2

4 9 . 7 3

9 . 8 2

1 3 . 6 1

2 7 . 8 8

0 .  3 3

4 9 .  8 8

9  . 7 5

t 2  . 4 3

0 .  8 8

1 . 3 8

1 4 .  0 8

5 9 .  7 0

1 0 .  8 4

1 2 . s 4

100 .  00 99.42

1,2  I t Ie ibu l l  (1885)
3  Genth  (1886)
4  Walker  and Thonpson (1921) :  ana lys is  by  Todd.

*Ca lcu la ted  e l in ina t ing  CuFeS2 impur i ty .

bismuthinite, included detailed chemical analysis of
three minerals using microprobe tecbnique. While
the presence of the three minerals weibullite, selenjo-
seite, and bismuthinite was apparently confirmed
(but see below), he did suggest that the mineral
called selenjoseite by Berry and Thompson (1962)
was actually identical with laitakarite, described by
Yorma (1960). [Note however that Berry (1963) had
already indicated the probable identity of laitakarite
and selenjoseite.l Karup-Mlller's identification of
the three minerals in BSF 1753 was based upon their
X-ray powder patterns, using the data given in Berry
and Thompson (1962). He described the physical
properties of each; thus weibullite had a variable
habit ranging from irregular grains to shaped laths
and prisms with some deformational twinning ob-
servable in rare cases. Microprobe analyses (Table 2)

Table 2a. Recent microprobe analyses of weibullite (as defined in
this proposal)

Fe

Cu

Pb

Ag

B i

S e

s

0 . 0  0 .  0

3 3  1  2 7 . a

1 .  0  0 . 5

4 7  . 6  4 8 .  5

1 1 . 5  1 1  6

1 0  5  1 0 . 2

1 0 3 . 7 0  9 8  6 0

0 . 3

0 . 9

4 6 . 5

1 1 . 8

L 0 . 2

1 0 1 . 2

4 6  . 6

9 . 6

0 . 8

1 0 2 . 0

2 8 . 2

4 6 . 8

9 . 8

t 0 0 ,  1

1 . 0

4 8 . 0

1 2 . 8

1 0 3

1 0 0 . 4

Fe

Cu

Pb

Ag

B i

Se

s

1 . 0

3 3 . 0  3 s . 3

4 2 . 7  4 3 . 9

1 2 . 8  7 , 7

1 0 . 7  1 2 . 3

1 0 0 . 2  9 9 . 5

2 . O  '  2 . 0

J 5 . Z  Z L . l  Z Z . L

o r . ,  a r .  n  , r . ,
9 . 7  l l . 2  1 1 . 8

1 1 . 8  1 0 . 9  1 0 . 4

L 0 0 . 2  9 7  . 7  9 7 .  8

1 , 2 , 3  K a r u p - M o 1 1 e r  ( 1 9 7 0 ) .  S p e c i m e n  B S F 1 7 5 3
4 , 5  J o h a n  m d  P i c o t  ( 1 9 7 6 J .

6  T h e s e  l a b o r a t o r i e s  u s i n g  P b S e ,  B i r S "  a n d  A g " S  a s
s t a n d a r d s .  P b L o ,  B i L a ,  S e K c ,  S K d  d n d  A g l o i  J e o l
JX'A-50A nicroprobe. The correct ion program, Magic IV,
w a s  d e v e l o p e d  b y  J  C o l b y  o f  B e l l  T e l e p h o n e  l n c ,
A l l a n t o w n ,  P e n n s y l v a n i a .  S p e c i n e n  B S F 1 7 5 3 ,

1 Proud i te ,  ana lys is  2 ,  Tab le  2 ,  Mume (1976) .
2  Wi t t i te ,  ana lys is  6 ,  Tab le  2 ,  Mmme (1976) .
3  w i t t i te ,  average o f  two ana lyses ,  Joh i l  and P ico t  (1976) '

4a ,b  Nords t rdn i te  f ron  ROM M12992,  cond i t ions  o f  ma lys is  and
standards are same as analysis 6 above, except netall ic
^^n^Ar  €^ r  a ' , rd
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nation of weibullite in BSF 1753 was also under-
taken, in terms of the new orthorhombic unit cell and
the chemical analysis which Karup-Mlller (1970)
had established.

During this work, however, I learned that more or
less concurrently Johan and Picot (1976) had exam-
ined species from Falun in the collection of the
School of Mines, Paris. They reported having found
an orthorhombic phase coexisting with a monoclinic
phase in their specimens and called them weibullite
and wittite respectively. The orthorhombic cell was
obtained using single-crystal methods, but the unit-
cell dimensions for the monoclinic phase, while repu-
tedly similar to those which Peacock and Berry
(1940) reported for weibullite in ROM Ml2992,were
deduced from their unpublished powder data (which
are now kindly provided for Table 3 by Dr. Johan).
Their results suggested to Johan and Picot that both
Peacock and Berry (1940) and Karup-Mfiller (1970)
had previously studied wittite (the monoclinic phase)
and that weibullite (the orthorhombic phase) had not
been recognized by those workers. The orthorhombic
unit cell (a : 15.39, b : 4.068, c : 53.8A, space
group Pcmn ot Pc2rn) and the powder data (Table
3a) which Johan and Picot obtained for the mineral
they called weibullite were aLnost identical with data
determined here for the mineral identified as weibul-
lite in the specimen of BSF 1753 sent by Dr. Karup-
Mdller (Mumme, 1976). In my work to obtain single
crystals for structure analyses, none with the mono-
clinic unit cell reported by Peacock and Berry (19,$0)
and Johan and Picot (1976\ have been isolated from
our specimen of BSF 1753. However, examination of
the Weissenberg fitns obtained by Peacock and
Berry in their 1940 studies ftindly lent to me at this
stage by Professor Berry and Professor Nuffield) defi-
nitely con-firmed their verdict that a mineral with the
monoclinic cell which they reported did exist; and
eventually single crystals of this mineral were ob-
tained here from the specimen they had studied
(ROM M12992). This specimen has also provided
crystals displaying single-crystal data identical to
that of the wittite specirnen obtained from the Riks-
musseet, Stockholm. ROM M12992 was generously
provided by the Royal Ontario Museum.

The results of my microprobe analysis of the
monoclinic phase in ROM M12992 arc given in
Table 2b. Compared with the orthorhombic weibul-
lite from BSF 1753 (Table 2a, analyses 1,2,3, and 6),
it contains copper rather than silver and has x higher
BilPb content.

Thus there are at least three Pb-Bi-S-Se minerals

Table 3a. X-ray powder data for weibullite (CuKa)

-obs
o D 5

l

d  -  h k l
c a  1 c

2

d  h k l

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

3 842
3 . 8 6 7

3.  750 3  719
3  6 2 6  3 . 6 1 9
3  6 0 5  3 . 6 3 8

3  5 9 5
3  5 3 8  3 . 5 5 5

3  s 3 8

3 .  5 0 6  3  . 5 2 7
3 506

3 . 4 0 9  3  4 3 1

J  5 O 5  J .  J O Z

3 303 3 306
3 . 2 7 9  3 . 2 7 7

3 279
3 . 2 3 3  3  2 4 4
3 210 3 21.0

\  ) 1 1
3 . 1 8 8  3 . 1 8 7
3 . r 4 5  3 . 1 5 9

3 t29
3 . 0 8 0  3  0 7 2

3 075

3 025 3  027

3 . 0 1 1  3 . 0 2 7
2 . 9 6 7  2 . 9 6 1

2 . 8 9 8  2 . 8 9 5
2 . 9 2 1

2 868 2 .459
2 .862

2.811 2  804
2 .  8 0 8

2  1 0 3  2 . 6 8 9

2 689 2 .682

2 . 6 4 8  2  6 3 5
2 . 6 4 3

2 . 5 6 3  2 . 5 6 5

2 . 5 4 3  2 . 5 5 6
2 . 5 4 2

2 . 4 7 2  2 . 4 0 1

2 . 3 1 7  2 . 3 1 4
l .  J l o

2 . 2 4 8  2 . 2 4 1

2 . 1 0 9  2 . 1 1 6
2 117
2 . 0 9 8

2 . 0 6 8  2 . 0 7 4

2 053 2 056
2 046
2 . 0 6 4

7  7 8  7 . 7 6  6 . 0 . 1
7 . 7 1  0 . 0 . 2

5 . 1 1  5  1 1  1 . 0 . 3
5 . 0 8  1 0 . 0 . 1

3 . 9 6 0  3 . 9 3 4  0 . 1 .  I
3  8 4 7  3  8 4 9  0 . O . 4

3 . 8 4 7  1 4 .  0 .  0

3  7 3 3  3 . 7 3 3  1 4 . 0 . 1
3 . 6 3 7  3 . 6 4 7  7 3 . 0  2

3 . 5 0 S  3 . 4 9 7  1 5 . 0 . 1

3 4 3 5  3 4 4 2  7 0 4
3 . 4 4 0  1 4 . 0 . 2

3 . 3 6 3  3 . 3 6 5  1 6  0 . 0

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

3 . 1 9 1  3 . 1 8 8  0 . 1 . 3

I I  0 . 2
0 1 1
0 . 0  4
1 . 0 . 4

t 2 0 2
1 4 . 0 . 1

t . l  2
1 3  0 . 2

2 . 1  2
3 . 1  . 2
6 0 4

1 1 . 0  3
7  . 1 . 1
8 . 1 . 0

1 4 . 0 . 2

6  . 1 . 2
1 2  . 0  . 3

9 . 1 . 1
1 6 . 0  1

7  1 . 2
1 5 0 2
0 . 1 . 3

1 3  0 . 3
2 . 7  . 3

1 0  0 . 4
1 4 . 0 .  3
1 6  . 0 . 2

1 2  L 0

6 . 1 . 3
7 . 1  3

8 . 1 . 3
7 7 0 2

7 . 0 . 5
1 3 . 1 . 1
1 4 .  1  . 0
1 6 . 0 . 3

1 7  . 0  . 3

6 . 1 . 4

1 4  i . 2
2 0 . 0 . 1

1  0 . 6

2 .  0 . 6
3 . 0 .  6
9 . \ . 4

1 4 . 0 . 5

8 . 1 . 5
1 0  0 . 6

1 0  1 . 5

6  1 . 6
1 8  _  1 . 5
2 2  I 0
1 4 . 1  5

0 . 2 . 0
9 1 6

2 6  0 . 0

I
10

3
5

3

3

2

\
1

3
t1
z

10

4

4

t

1

2

\
t2

'z

6

6

5

1

6
I

3  0 8 0  3 . 0 8 3  9 . I . 2
3 . 0 7 7  1 4 . 0  3
3 . 0 7 5  1 . 0 . 5

3 . 0 1 9  3 . 0 2 6  1 1  0 . 4
3 . 0 1 4  7 2 . t . 0

2 . 9 s 1  2 . 9 6 0  5 . 0 . 5
2 . 9 5 8  1 2 . 1 . 1
2  9 4 5  7  1 . 3

2 . 8 6 4  2 8 5 8  7 0 . 5

2 . A 1 1  2 . 8 r 9  1 3 . 0 . 4
2  8 1 4  1 6  0 . 3
2 . a 1 4  9 . 1 . 3
2 . 8 0 6  1 2  |  2

2  6 9 7  2 . 6 9 5  r 7 . 0 . 3
2 . 6 9 2  2 0 . 0 . 0

2 . 6 3 9  2  6 5 2  2 0 . 0 . 1

2  5 5 7  2 . 5 6 3  1 . 0 . 6
2 . 5 s 7  1 6 . 1  1
2 . 5 s 4  2 . 0 . 6

2 . 4 0 7  2 . 4 1 0  1 8  .  1 .  0
2  . 4 0 4  1 4 .  0 .  5

2  3 1 a  2 . 3 1 8  1 3 . 1  4
2 . 3 1 6  1 0 . 0 . 6
2 . 3 1 5  1 6 . 1  3
2 . 3 t 5  2 3 . 0 . r

2 . 2 7 8  2 . 2 8 2  1 9 . 0 . 4
2 . 2 7 3  1 1 . 0 . 6

2 . 2 4 1  2 . 2 4 3  2 4 . 0 . 0
2 . 2 4 0  2 3 . 0 . 2

2  1 9 6  2 . L 9 7  t . 0 . 7
2 . 7 9 5  1 1 .  1 . 5

2 . 1 3 8  2  1 3 6  6 . 0 . 7
2 . 1 0 1  2 . 0 9 7  2 2 . 1 . 1

2 . 0 7 3  2  0 7 4
2 . O 7 1  2 6 . 2 . 0

2 . 0 4 6  2 . 0 4 3  1 8 . 1 . 4

5

7

c u i n i e r  d a t a ,  M L m e  ( 1 9 7 6 ) ,  i n d e x e d  f r o n  u e i s s e n b e t g
f i lns
J o h a n  6  P i c o t  ( 1 9 7 6 ) .
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Table 3b. X-ray powder data for wittite

o D s
A

ca rc
h k l

o D s

a  a 7

) . I J

4  . 4 2

3  . 8 4 7

3 . 6 1 6

3 , 3 8 7

3 . 2 9 0

3 .  1 8 6

3 . 0 5 8

2 . 9 9 7

2  . 8 8 4

2 . 7 9 8

2 . 6 9 1
2  . 5 6 7

z . z q J

2 . I 0 l
2 , 0 4 2

A

7  . 7 2
7  . 6 8
5 .  1 4
5 . 1 2

3 . 8 5 8
3 . 8 3 9

3 . 5 7 6

3 .  5 0 8

3 . 3 9 3

3 . 3 0 1

J .  I Y O

3 . 0 6 4

5 . 0 1 0

2 .  8 9 0

2 . 8 L 7

2 . 6 9 7
2  . 5 7 2
2 . 5 5 9
2 . 2 4 9
2 . 2 4 2

2 . 0 9 6
2 . 0 3 9
2 . 0 3 8

h k l

0 . 0 . 2
0 . 0 . 2
0 , 0 . 3
0 . 0 . 3

0 . 0 . 4
0 . 0 . 4

2 . 0 . 1

1 . 0 .  3

1 . 1 . 1

7 . 7 . 2

0 . 1 . 5

2 . 0 . 2

1 . 1 . 3

1 . 1 . 0

1 . 1 . 3

7 . 1 . 4
0 . 0 . 6
0 . 0 . 6
1 . 1 . 5
I . I . J

r . 0 . 7
0 . 2 . 0
0 . 2 . 0

I

2

2

I

1 0

d  h k r

7 . 7 4  2 , 0 . r

) . 1 4  J . V . Z

4 .  436  4 .  0 .  1

3 . 8 5 8  1 . 1 . 1
3 .  8 3 0  1 .  1 .  1

3 . 6 2 7  2 . r . 1
3 . 6 1 6  7 . 1 . 2
3 . 4 9 7  0 . 0 . 5

3 . 3 8 3  r . 0 . 5

3 . 2 9 0  1 . 1 . 3

3 . r 7 5  2 . 0 . 5
5 . 1 / 5  5 . 1 . 2

3 . 0 5 8  2 . 7 . 3

3 . 0 0 4  4 .  1 . 0
2 . 9 9 6  6 . 0 . 0
2 . 9 9 2  6 . 0 .  1
2 . 8 8 8  4 . r , 2

2 . 7 9 6  4 . 1 . 2

2 . 6 8 6  s . 1 . 0
2 . 5 7 0  7  . 0 .  I

. 2 . 5 6 6  6 . 0 . 4
2 . 2 4 7  8 . 0 . 0
2 . 2 4 7  3 . 1 . 6
2 . 2 4 4  3 . 0 . 7
2 . 0 9 9  2 . t . 7
2  . 0 4 5  3 . 7  . 7
2 . 0 4 4  8 . 0 . 3

B

B

4 .  085
3 . 9 5 5
3 .  8 4 8

3 . 7 8 8
3 . 6 0 7

3 . 4 3 4
3 .  3 9 0
3 . 3 6 2
7 , ' ) O 1

3 . 1 3 8

4 . L 0 3
3 .  9 5 5
3 . 8 1 1
J . 6 Z /

3 . 7 7 9
3 . 5 9 0

J . ) ) J

3  . 537
3 . 4 3 4
3 .  3 9 1
3. 348
3  . 307
3  . 7 2 1
?  1 q ?

3 . 1 1 4

3  . 0 5 6
3  . 0 4 8
5 . U I 5

2 . 8 9 1
2  . 83L
2 .  8 3 8
2 . 8 0 8

2  . 7 0 1

1 . 0 . 0
L . 0  . 2
0 . 0 . 4
0 . 0 . 4
1 . 0 . 1
2 . 0 .  L

1 . u . 5
1 . 1 . 0
t  i a

1 1 1

t . 0 . 2
L . 7 . 2
t . t . 2

1 . 0 . 4

2 . O . 2
0 . 0 . s
1 1 ?

2 . 0 . 4
I .  L . 2
1 . 1 . 3

B

B

A

3 . 0 5 8
3 . 0 3 8
3 . 0 0 4

2 . 8 8 7
2  . 849

2 .  800

2  . 7 0 0

2  . 7 0 3
2 . 0 4 L

2 . 1 0 3
2 . 0 3 9
2  . 037

1 . 0 . 7
0 . 2  . 0
0  . 2 , 0

2

3

B 4

B 3

z
8A 5

B

B 4
A 3
B 5

A l 0
B 3

B 3

2 .

I , G u i n i e r d a t a ,  C u K d ,  M u n n e  ( 1 9 7 6 ) .  I n d e x e d ^ u s i n g A ,  a = 4 . 1 9 ,  b = 4 . 0 8 ,  c =  1 5 . 5 6 ,  B  =  1 0 1 . 3 5 o ;
B ,  a = 7 . 2 1 ,  b  =  4 . 0 8 ,  c  =  1 5 . 5 0 ,  B  =  9 8 . 7 5 " .  W e i s s e n b e r g  f i l n s  u s e d .

Data f rom Johan & Picot  (pr ivate conmrmicat ion).  Al though they successful ly  indexed th is data
using the nonocl in ic rmi t  cel l  of  nordstroni te (3) ,  their  chemical  analysis showed no Cu and is
much  c l ose r  t o  w i t t i t e  t han  no rds t rom i t e .  I ndexed  us i 4g  A ,  a  =  4 .16 ,  b  =  4 .08 ,  c  =  15 .66 ,
B  =  9 9 . 8 0 o ,  B ,  a = 7 . ! 8 ,  b =  4 , 0 8 ,  c =  1 5 . 5 1 ,  B  =  9 s . 1 5 o l

3 .  D a t a i n  ( 2 )  f r o n J o h a n G P i c o t i n d e x e d ( b y t h e n )  u s i n g a = 1 8 . 0 3 4 ,  b = 4 . 0 4 0 ,  c = 1 7 . 5 3 , 8 = 9 4 . 3 1 0

in specimens from Falun, for which at present only
two names exist, and obviously this has caused the
confusion of their identities. In particular, the name
wittite hLus recently been used for the mineral I ob-
tained from Dr. Aberg with the composition, powder
pattern, and "subcell" reported in Mumne (1976), as
well as the mineral described by Johan and Picot
(1976), for which they obtain a similar composition

(Table 2b) but inferred a different unit cell, the same
in fact as the monoclinic mineral in ROM lud12992.
On the other hand, a fortuitous agreement was es-
tablished between the recent nomenclature used in-
dependently by Mt'mme (1976) and Johan and Picot
(1976\ to the extent that the orthorhombic phase (a -
53.7, b - 4.1, c - 15.4A) found in Falun specimens
has been called weibullite rn both studies. Uncer-
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Flink (1910) originally used the name weibullite
for a group of specimens in the collections of the
Stockholm Riksmuseum. His main concern was to
distinguish this mineral from selenian galenobismu-
tite. His sketchy definition is based on hardness, den-
sity, cleavage characteristics, and the chemical data
already determined by Weibull (1885) (which is ac-
tually the galenobismutite composition with 3/8 of
the sulphur content replaced by selenium). Thus
Weibull's "selenhaltig Galenobismutit" to which
Flink attached the name weibullite had already been
characterized chemically (Table l). However Wei-
bull's BilPb ratio, 2.02, is intermediate between that
of the orthorhombic mineral (av. : 1.59) and the
monoclinic mineral (av. : 2.48). Admixture of the
basically lead-free minerals bismuthinite and laitaka-
rite with the monoclinic mineral cannot account for
his analyses; only their admixture with the ortho-
rhombic mineral can. Thus Weibull's analyses are
reasonably interpreted as deriving from such a mix-
ture of the orthorhombic mineral with bismuthinite
and/or laitakarite. As Flink's intention was to pro-
vide a name for Weibull's material, from the above
reasoning, the name weibullite must have been
meant for the orthorhombic mineral. Fortunately the
recent usage of the name is in agreement with this.

It is therefore proposed that the name weibullite be
applied to the orthorhombic mineral as it is consid-
ered this was the original intention 6f ['link, and that
the monoclinic mineral whose cell was first reported
by Peacock and Berry (1940) should be given the
new name nordstromite. The name wittite should be
reserved for the mineral studied by Johansson which
is preserved in the Naturhistoriska Riksmusseet,
Stockholm (Mumme, 1976) and this should now be
regarded as the type specimen. Nordstr<imite is
named for T. Nordstrcim, who first studied many Se-
bearing Bi-Pb sulphosalts from Falun. It was ac-
cepted as a new mineral by the IMA in December
1978.

Interpretation of the most recent Weissenberg data
obtained here for wittite now indicates that this min-
eral is monoclinic with two lattice sets. One has a
monoclinic subcell, F2/m, with a : 4.19(l), b :
4.08(l), c : 15.56(4)A, f : 101.35"(16), while the
other has a monoclinic subcell, A/m, with a :
7.21(2),0 : 4.08(l), c : 15.50(5)4, P : 98.75'(15).
These parameters were obtained by least-squares re-
finement of the previously reported powder data,
now re-indexed using both lattice sets (Table 3b).
They are ahnost the same as those reported by Gra-
ftlam et al. (1953\ for the mineral cannizzaite, and a
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tainty as to this mineral's composition remains only
to the extent that Johan and Picot have reported sig-
nifcant As but no Ag in their specimens (Table 2a).
Their As analyses, using native As and lorandite,
werd made on the KB line to avoid interference with
Pb. Ag was also specifically checked and was not
found in weibullite from the Paris collection (private
communications from Dr. Johan).

Proposed nomenclature

The problem of identifying which of these miner-
als is which really relates to the availability of their
holotypes. This is a particular dfficulty in the present
case where quite often at least two of them occur in
the same hand specinen, and the old chemical analy-
ses seem to have been made on mixtures.
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close structural relationship, if not identity, must ex- laitakarite and bismuthinite. ROM M12992 from the
ist between wittite and cannizzarite. Royal Ontario Museum contains nordstrcimite with

some wittite (and bismuthinite). The mineral frag-
Physical, chemical and X-ray data for weibullite, wit- ment sent here from the Stockholn Riksmuseum,

tite, and nordstriimite which was from the only specimen labelled wittite in
To summarize, by using the above definitions, it is the K. Johansson collection, is composed entirely of

now possible to say which of these three minerals has that mineral.
been identified in the historical specimens recently The Falun specimens in the Paris collection exam-
examined here, and by the other workers referred to ined by Johan and Picot (1976) did contain weibul-
above. lite and wittite. This is deduced because of the close

BSF 1753 from Bergsskolan, Filipstad, Sweden, agreement between the analyses of their monoclinic
contains weibullite, together with previously reported mineral and those of type-specimen wittite (Table

Table 4. Mineralogical, chemical, and crystallographic data for weibullite, nordstrtimite, and wittite
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(1 )  Johan & P ico t  (1976)  (2 )  Karup-Ml l le r  (1970)  (3 )  Dr .  A ,  Kato  6  S .  Matsubaru  (Nat iona l  Sc ience l4usetm,  Tokyo)
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2b). The absence of Cu eliminates nordstrdmite as
the mineral on which the probe analysis was deter-
mined, and the powder data provided by Dr. Johan,
which was originally indexed with the unit cell of
nordstr6mite, can be satisfactorily re-indexed with
the unit-cell data most recently determined here for
wittite (Table 3). The possibility that rhe probe data
reported by Johan and Picot were from wittite, while
their X-ray powder data were from crystal fragments
of unrecognized nordstrdmite present in their sam-
ples, should also probably be considered.

X-ray powder data for all three minerals, inter-
nally calibrated with KCI (a : 6.29294), and ob-
tained u5ing CuKc and Guinier and Debye-Scherrer
methods, are given in Table 3. All mineralogical,
chemical, and crystallographic data which are pres-
ently available are sumrnaized in Table 4. Figures I
and 2 illustrate the typical habit of weibullite, wittite,
and nordstromite in those hand specimens and pol-
ished sections studied here.

Concluding remarks

Weibullite and nordstrdmite are now definitely
proved to be two diferent mineral species. The unit

Fig. l. Habit of nordstr<imite in ROM M12992. Phorographs
show (a) fibrous nature of nordstrtimite (x l0), O) juxtaposition of
nordstrdmite and wittite (x l0). N : nordstrtimite, W : wittite.
Wittite has somewhat duller appearanc€ and less perfect cleavage.

Fig. 2. Polished section of portion of BSF 1753 (x 40).. Large
weibullite grain surrounded by minerals which include quartz,
chalcopyrite and bismuthinite. Etched I minute with HNO3.

cell of weibullite from BSF 1753 is orthorhombic
with a : 53.68, b : 4.11, c : 15.40A, and its struc-
tural formula determined by single-crystal structure
ana lys is  i s  -Ago33Pb533Bi8 ,33(Se. ,S , r )  (Mumme,

1980a). The "ideal" unsubstituted formula for wei-
bullite is PbuBi*(Se,S),,. The unit cell of nordstrcimite
is monoclinic with a: 17.97, b : 4.11, c : 17.624,
B :  94.30o; i ts ideal structural  formula is
CuPbrBi,(Seo,S,,) (Mumme, 1980b).

The monoclinic 'subcells' for the two lattices in
wittite indicate that this mineral has a crystal struc-
ture which is related closely to that of cannizzaite
(Matzat, 1979). However, it may be differentiated
from cannizzaite at this stage by virtue of its high se-
lenium content (about 8 wt Vo). The composition of
wittite determined by microprobe analysis in our lab-
oratories is Pbo,ro,Bioo.uu(S,Se), (Table 2b). Matzat's
formula for canl;lzzaite, which in the absence of ex-
act chemical data is based on his structure determi-
nation and the assumption of stoichiometry, is
Pbo6Biros12, Le. Pbo.urrBioorrrS,.

It is suggested that until the full details of the crys-
tal structure relationships between wittite and can-
niz.zaite are finally deduced, the name "wittite"
should be preferred to "Se-cannizzaite" when dis-
cussing the Falun mineral.
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