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Seleniferous lead-bismuth sulphosalts from Falun, Sweden:
weibullite, wittite, and nordstromite
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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 nordstrémite. Weibullite,
Ago32Pbs 09Big 555€6 055 11,92, is orthorhombic Prnma with a = 53.68, b = 4.11, ¢ = 15.40A; nord-
strémite, CuPb,Bi(Se,,S o), is monoclinic P2,/m with a = 17.97, b = 4.11, ¢ = 17.62A and B
= 94.30°. Wittite, Pby 354, Bio 4366(S€0.2026,507974), is monoclinic with two lattices. The sub-cells
of these two lattices are: lattice A, P2/m, a = 4.19, b = 4.08, ¢ = 15.56A, B = 101.35°; lattice
B, C2/m, a =721, b = 4.08, c = 15.50A, B = 98.75°. They are virtually identical to those

found in cannizzarite.

Introduction

The early investigations of the mineral later
known as weibullite were carried out by Nordstr6m
(1879), Atteberg (1874), and Weibull (1885), all of
whom thought it to be a seleniferous galenobismu-
tite. Flink (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 bismuthinite 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 B8 = 94°29’; the
other was hexagonal with @ = 4.20 and ¢ = 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 (NMNH R6532); and “se-
leniferous chiviatite” (NRS, 24083, type, Falun, Swe-
den) were mixtures of weibullite, selenjoseite, and
bismuthinite, and that published analyses of such
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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 1) 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-Mgller (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 1. Chemical analyses of “weibullite,” taken from the

literature

1 2 3 4
Fe - 0.61 - 0.88
Cu - 0.77 - 1.38
Pb 25.37 24.62 27.88 14.08

Ag - - 0.33 -
Bi 51.24 49.73 49,88 59.70
s 9.36 9.82 9.75 10. 84
Se 14.03 13.61 12.43 12.54
100.00 99.16 100.27 99.42

1,2 Weibull (1885)
3 Genth (1886)
4 Walker and Thompson (1921):

*Calculated eliminating CuFeS

analysis by Todd.

2 impurity.

bismuthinite, included detailed chemical analysis of
three minerals using microprobe technique. 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
Vorma (1960). [Note however that Berry (1963) had
already indicated the probable identity of laitakarite
and selenjoseite.] Karup-Mgller’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
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suggested to Dr. Karup-Mgller that, based on the
monoclinic cell of Peacock and Berry (1940), the for-
mula of weibullite was probably Pb,BisS,Se,.

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-Mgller
(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-Mgller’s
(1970) description and comparison of the microprobe
analyses (Table 2a)], was found to have ortho-
rhombic symmetry, space group Pnma, with a =
53.68(9), b = 4.11(1), ¢ = 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 (1964).

A subsequent crystal structure determination of
proudite established its ideal composition to be close
to CuPb, ;Bi, 1,(S,S¢),, (Mumme, 1976). Then, as part
of a continuing investigation of selenium-bearing bis-
muth-lead sulphosalts, the crystal structure determi-

Table 2b. Microprobe analyses of proudite, wittite, and

this proposal) nordstromite
1 2 3 4 5 § L 2 3 i3 L
Fe - - - Fe
Cu 0.0 0.0 0.3 Cu 1.0 2.0 © 2.0
Pb 33.1 27.8 31.5 29.7 28.2 28.3 Pb 33.0 35.3 33.2 21.7 22.1
Ag 1.0 0.5 0.9 1.0 Ag _ R R -
Bi 47.6 48.5 46.5 46.6 . .
4618 48500 Bi 42.7 43.9 45.5 51.9 52.5
Se 11.5 11.6 11.8 15.3 15.3 12.8 s . 5.5 0.2 AL 8
12. ; : . .
s 10.5 10.2 10.2 9.6 9.8 10.3 se !
S o s 10.7 12.3 11.8 10.9 10.4
— - ‘— - - 100.2 99.5 100.2 97.7 97.8
103.70  98.60 101.2 102.0 100.1 100.4

1,2,3 Karup-Moller (1970). Specimen BSF1753.
4,5 Johan and Picot (1976).

6 These laboratories using PbSe, Bi S3 and Ag,S as
standards. PbLe, BiLa, SeKa, SKa and AgLo. Jeol
JXA-50A microprobe. The correction program, Magic IV,
was developed by J. Colby of Bell Telephone Inc.
Allantown, Pennsylvania. Specimen BSF1753.

1 Proudite, analysis 2, Table 2, Mumme (1976).

2 Wittite, analysis 6, Table 2, Mumme (1976).

3 Wittite, average of two analyses, Johan and Picot (1976).

b Nordstrémite from ROM M12992, conditions of analysis and
standards are same as analysis 6 above, except metallic
copper for CuKa.
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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-Mgller (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 M12992, 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-Mgller (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 (@ = 1539, b = 4.068, ¢ = 53.8A, space
group Pcmn or Pc2,n) and the powder data (Table
3a) which Johan and Picot obtained for the mineral
they called weibullite were almost identical with data
determined here for the mineral identified as weibul-
lite in the specimen of BSF 1753 sent by Dr. Karup-
Mgller (Mumme, 1976). In my work to obtain single
crystals for structure analyses, none with the mono-
clinic unit cell reported by Peacock and Berry (1940)
and Johan and Picot (1976) have been isolated from
our specimen of BSF 1753. However, examination of
the Weissenberg films obtained by Peacock and
Berry in their 1940 studies (kindly lent to me at this
stage by Professor Berry and Professor Nuffield) defi-
nitely confirmed 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 specimen 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 are 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 a higher
Bi/Pb content.

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

Table 3a. X-ray powder data for weibullite (CuKa)
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1

2

dobs dcalc UL I dobs dcalc K 1 I
7,78 7.76 6.0.1 3
7.71 0.0.2
5.11 5.11 1.0.3 3
5.08 10.0.1
4.100 4.121 11.0.2 ]
3.969 55973 0.1.1 4 3.960 3.934 0.1.1 1
3.868 3.852 9.0.4 ¥ 3.847 3.849 0.0.4 10
3.842 1.0.4 3.847 14.0.0
3.867 12.0.2
3.750 3.719 14.0.1 1 3.733 3.733 14.0.1 3
3.626 3.619 1.1.2 2 3.637 3,647 13.0.2 5
3.605 3.638 13.0.2 1
3.595 2.1.2
3.538 3.555 33152
3.538 6.0.4
3.537 11.0:3
3.506 SHSPET 73181 1 3.505 3.497 15.0.1 3
3.506 8.1.0
3.409 3.431 14.0.2 1 3.435 3.442 7.0.4 3
3.440  14.0.2
3.363 34362 6.1.2 1 3.363 3.365 16.0.0 2
3.372 12.0.3
3.303 3.306 Gl 1
3.279 3.277. 16.0.1 i 3.268 3.259 g2 i1
3.279 Twl.2
3.233 3.244 15.0.2 L
3.210  3.210 0.1.3 1 3.191 3.188 0.1.3 1
3.217 13.0.3
3.188 3,187 2.1.3 3
3.145 3.159 3.1.3 5
3.125 3r122 4.1.3 1
3.129 10.0.4
3.080 3.072 14.0.3 10 3.080 3.083 9.1.2 9
3.075 16.0.2 3.077 14.0.3
3.075 1.0.5
3.025 3,027 12.1.0 1 3.019 3.026 11.0.4 d
3.014 12.1.0
3.011 3.021 6.1.3 3
2.967 2.961 7.1.3 4 295 2,960 5.0.5 5
2.958 12.1.1
2,945 7.1.3
2.898 2.895 8.1.3 4
2.921 17,0,2
2.868 2.859 7.0.5 4 2.864 2.858 7.0.5 5
2.862 13.1.1
2.811 2.804 14.1.0 1 2.811 2.819 13.0.4 7
2.808 16.0.3 2.814 16.0.3
2.814 9.1.3
2.806 12.1.2
2.703 2.689 17.0.3 1 2,697 2.695 17.0.3 3
2.692 20.0.0
2.689 2.682 6.1.4 2
2.648 2.635 14.1.2 I 2,639 2,652 20.0.1 2
2.643 20.0.1
2.563 2.565 1.0.6 L 2.557 2.563 1.0.6 2
2.557 16.1.1
2.554 2.0.6
2.543 2.556 2.0.6
2.542 3.0.6
2.543 9.1.4
2.412 2.401 14.0.5 k 2.407 2.410 18.1.0 2
= 2.404 14.0.5
2.317 2.314 8.1.5 ke 2,318 2,318 13.1.4 1
2.316 10.0.6 2.316 10.0.6
2.315  16.1.3
2.315 23.0.1
2.278 2.282 19.0.4 6
2. 2783 11.0.6
2.248 2.241 10.1.5 3 2.241  2.243 24.0.0 5
2,240 23.0.2
2,196  2.197 1.0.7 1
2.195 11.1.5
2.138 2.136 6.0.7 6
2.109 2.116 6.1.6 4 2,101 2.097 22.1.1 1
2,117 18.1.5
2.098 22.1.0
2.068 2.074 14.1.5 A 2.073 2.074 1
2.071  26.2.0
2,053 2.056 0.2.0 6 2.046 2.043 18.1.4 5
2.046 9.1.6
2.064 26.,0.0

1

Guinier data, Mumme (1976), indexed from weissenberg

films

2 Johan § Picot (1976).
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Table 3b. X-ray powder data for wittite

1 2 3
dobs dcalc ffs & i dv:)bs dcalc r k o1 L dcalc: D
7.73 il 72 0.0.2 A 2 7.74 2.0.1
7.68 0.0.2 B
5.13 5.14 0.0.3 A 2 5.14 3.0.2
5.12 0.0.3 B
4.42 1 4.436 4.0.1
4.085 4.103 1.0.0 A L
3.955 3.955 1.0.2 A 1
3.848 3.811 0.0.4 A 3 3.847 3.858 0.0.4 A 10 3.858 1.1.1
3.827 0.0.4 B 3.839 0.0.4 B 3.830 1.1.1
3.788 3.779 1.0.1 A 1
3.607 3.590 2.0.1 B 3 3.616 3.576 2.0.1 B 2 3.627 2.1.1
3.616 1.1.2
3.529 3.553 1.0.3 A 4 3.525 3.508 1.0.3 A 3 3.497 0.0.5
3.537 1.1.0 B
3.434 3.434 2.0.2 B 7
3.390 3.391 1.1.1 B 3 3.387 3.393 1.1.1 B 4 3.383 1.0.5
3.362 3.348 1.0.2 A 2
3.297 3.307 1.1.2 B 1 3.290 3.301 1.1.2 B 3 3.290 1.1.3
3.138 3.121 1.1.2 B 3
3.153 2.0.3 B
3.114 1.0.4 A
3.186 3.196 0.1.3 B 1 3.175 2.0.
3.175 3.1.2
3.058 3.056 2.0.2 B 4 3.058 3.064 2.0.2 B 8 3.058 2.1.3
3.038 3.048 0.0.5 A 3
3.004 3.015 1.1.3 B 5 2.997 3.010 1.1,3 B 8 3.004 4.1.0
2.996 6.0.0
2.992 6.0.1
2.887 2.891 1.1.0 A 10 2.884 2.890 1.1.0 A 9 2.888 3.1.2
2.849 2.831 2.0.4 B 3
2.838 1.1.2 A
2.800 2.808 1.1.3 B 3 2.798 2.817 .1.3 B 2 2.796 4.1.2
2.700 2.701 1.1.3 B 2 2.691 2.697 1.1.3 B 4 2.686 5.1.0
2.567 2.572 0.0.6 A 1 2.570 7.0.1
2.559 0.0.6 B 2.566 6.0.4
2.243 2.249 1.1.5 A 5 2.247 8.0.0
2.242 1.1.5 B 2.247 3.1.6
2.244 3.0.7
2.103 2.103 1.0.7 A 1 2.101 2.096 1.0.7 A 2 2.099 2.1.7
2.041 2.039 0.2.0 A 5 2.042 2.039 0.2.0 A 8 2.045 3.1.7
2.037 0.2.0 B 2.038 0.2.0 B 2.044 8.0.3

1. Guinier data, CuKa, Mumme (1976).

B, a=7.21, b=4.08, c = 15.50, g = 98.75°.

2. Data from Johan § Picot (private communication).

Indexed using A, a = 4.19, b = 4.08, c = 15.56, B = 101.357;
Weissenberg films used.

]

Although they successfully indexed this data

using the monoclinic unit cell of nordstrbmite (3), their chemical analysis showed no Cu and is

much closgr to wittite than nordstrdmite.
B =99.80", B, a=17.18, b = 4,08, ¢ =

Indexed usir&g A, a=
15.51, B = 98.15".

3. Data in (2) from Johan § Picot indexed (by them) using a =

4.16, b = 4.08, ¢ = 15.66,

18.034, b = 4.040, c = 17.53, B =94.31°,

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 has recently been used for the mineral I ob-
tained from Dr. Aberg with the composition, powder
pattern, and “subcell” reported in Mumme (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 M12992.
On the other hand, a fortuitous agreement was es-
tablished between the recent nomenclature used in-
dependently by Mumme (1976) and Johan and Picot
(1976) to the extent that the orthorhombic phase (a ~
537, ~ 4.1, c ~ 15.4A) found in Falun specimens
has been called weibullite in both studies. Uncer-
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Table 3c. X-ray powder data for nordstrémite

! - dobs " dcalc ul
1 7.671 8.236 2.0.1
1 5.139 5.081 2.0.3
5.122 3.0.2
1 4.393 4.480 4.0.0
3 3.882(B) 3.892 1.1
3.876 4.0.2
5 3.583 3.622 1031y 2
3.678 2.1
3.695 4.0.3
3 3.484 3.500 0.0.5
3 3.427 3.499 1.0.5
3.401 1.0.5
3.419 3.0.4
3.437 4.0.3
3.461 5.0.1
5 3.190 3.206 3.1.2
3.261 4.0.4
10 3.066 3.106 2.1.3
3 3.012 3.029 14.1.0
3 2.899 2.929 0.0.6
2.926 1.0.6
2.963 1.1.4
2.879 3.1.3
il ! 2.764 2.803 2.1.4
2.765 6.0.2
1 2.692 2.701 5.1.0
2.670 4,0.5
3 2.577 2.609 5.0.5
2.561 6.0.4
i 2.406 2.402 5.1.3
2.388 6.0.4
5 2.331 2.341 2.1.6
2.354 4.1.5
7 2.242 2.260 3.1.6
2.240 8.0.0
1 2.211 2.189 5.0.6
2.201 8.0.1
3 2.105 2.114 3.0.8
2.086 5.1.5
3 2.052 2.055 0.2.0
2.054 4.1.6
2.044 5.1.6
1 1.931 1.937 0.1.8
1.926 1.0.9
1.947 8.1.2
1.930 9.0.3

Debye-Scherrer film, radius = 114.6 mm, CuKa radiation.
Indexed using Weissenberg films.

tainty as to this mineral’s composition remains only
to the extent that Johan and Picot have reported sig-
nificant As but no Ag in their specimens (Table 2a).
Their As analyses, using native As and lorandite,
were made on the K 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 difficulty in the present
case where quite often at least two of them occur in
the same hand specimen, and the old chemical analy-
ses seem to have been made on mixtures.
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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 1). However Wei-
bull’s Bi/Pb 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 of Flink, 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. Nordstromite is
named for T. Nordstrom, 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, P2/m, with a = 4.19(1), b =
4.08(1), ¢ = 15.56(4)A, B = 101.35°(16), while the
other has a monoclinic subcell, C2/m, with a =
7.21(2), b = 4.08(1), ¢ = 15.50(5)A, B = 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 almost the same as those reported by Gra-
ham et al. (1953) for the mineral cannizzarite, and a
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close structural relationship, if not identity, must ex-
ist between wittite and cannizzarite.

Physical, chemical and X-ray data for weibullite, wit-
tite, and nordstromite

To summarize, by using the above definitions, it is
now possible to say which of these three minerals has
been identified in the historical specimens recently
examined here, and by the other workers referred to
above.

BSF 1753 from Bergsskolan, Filipstad, Sweden,
contains weibullite, together with previously reported

MUMME: LEAD-BISMUTH SULPHOSALTS

laitakarite and bismuthinite. ROM M12992 from the
Royal Ontario Museum contains nordstrémite with
some wittite (and bismuthinite). The mineral frag-
ment sent here from the Stockholm Riksmuseum,
which was from the only specimen labelled wittite in
the K. Johansson collection, is composed entirely of
that mineral.

The Falun specimens in the Paris collection exam-
ined by Johan and Picot (1976) did contain weibul-
lite and wittite. This is deduced because of the close
agreement between the analyses of their monoclinic
mineral and those of type-specimen wittite (Table

Table 4. Mineralogical, chemical, and crystallographic data for weibullite, nordstrémite, and wittite

Minerals Weibullite Nordstrtmite Wittite
(""Se-cannizzarite')
Hand specimen
Colour lead-grey lead-grey lead-grey
hardness 2-2% 2-2% 2-2%
cleavage Good cleavage Good cleavage,
parallel to giving platy
elongation. appearance
Fibrous appearance
Polished section
Colour §& light grey white with grey tinge cream-white
bireflectance - in contrast to
weak wittite in same bireflectance not
specimen. noticeable
bireflectance not
noticeable.
Reflectivity (1)420nm:42.9-51.0 (1)420nm: 45.2-44.0
data 540nm:39.7-46.6 540nm: 42.4-44.0
620nm:37.8-44.4 660nm: 40.0-37.3
Anisotropy Dark grey to red Dark grey to brown Dark grey to brown
brown .
Microhardness (I)Parallel to 100, 116 Kg (S)Five readings at
/mm' (VHNZS) VHN25 gave 136, 1432
130,7132, 134 Kg/mm
2 010,75 Kg
/mm" (VHN,,)
(2)39-73 Kg/Sq.mm (VHNZO)
Chemical AZ 52PP5 09%18.55%%.08%11.00  ©%.94PP3.058%7.24%%4.12%0. .89 PP 354151, 43665° 202657974
ormulae
Dby . Bi , icSe JcnsS
.326377.443577.25027.7498
Structural Ag . .Pb Bi (Se. S, ,) CuPb ,Bi,(Se,S, .}
formulae .33 75.33778.33"76712 3777774710
X-ray data
Symmetry Orthorhombic Monoclinic Monoclinic
Unit cell Lattice A Lattice B
a = 53.68(9) a = 17.97(8) a = 4.19(1) a= 7.21(1)
b= 4.11(1) b= 4.11(2) b = 4.08(1) b = 4.08(1)
c = 15.40(3) c = 17.62(8) ¢ = 15.56(4) ¢ = 15.50(5)
B = 94.3 (2) B =101.4 (2) B = 98.8 (2)
Space group Pnma P2,/m P2/m C2/m

(1)

Johan § Picot (1976)

(2) Karup-Mgller (1970)

(3)

Dr. A, Kato § S. Matsubaru (National Science Museum, Tokyo)
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2b). The absence of Cu eliminates nordstrémite 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
nordstromite, can be satisfactorily re-indexed with
the unit-cell data most recently determined here for
wittite (Table 3). The possibility that the probe data
reported by Johan and Picot were from wittite, while
their X-ray powder data were from crystal fragments
of unrecognized nordstromite present in their sam-
ples, should also probably be considered.

X-ray powder data for all three minerals, inter-
nally calibrated with KCI (a = 6.2929A), and ob-
tained using CuKa and Guinier and Debye-Scherrer
methods, are given in Table 3. All mineralogical,
chemical, and crystallographic data which are pres-
ently available are summarized in Table 4. Figures 1
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 nordstrémite are now definitely
proved to be two different mineral species. The unit

A

Fig. 1. Habit of nordstrémite in ROM M12992. Photographs
show (a) fibrous nature of nordstrémite (X 10), (b) juxtaposition of
nordstromite and wittite (X 10). N = nordstromite, W = wittite.
Wittite has somewhat duller appearance and less perfect cleavage.
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Fig. 2. Polished section of portion of BSF 1753 (X 40).- Large
weibullite grain surrounded by minerals which include quartz,
chalcopyrite and bismuthinite. Etched 1 minute with HNO;.

cell of weibullite from BSF 1753 is orthorhombic
with @ = 53.68, b = 4.11, ¢ = 15.40A, and its struc-
tural formula determined by single-crystal structure
analysis is ~Ag1:Pbs13Bis13(S€6,S,,) (Mumme,
1980a). The “ideal” unsubstituted formula for wei-
bullite is Pb,Bi.(Se,S),s. The unit cell of nordstromite
is monoclinic with @ = 17.97, b = 4.11, ¢ = 17.624A,
B = 94.30°; its ideal structural formula is
CuPb;Bi,(Se,,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 cannizzarite
(Matzat, 1979). However, it may be differentiated
from cannizzarite at this stage by virtue of its high se-
lenium content (about 8 wt %). The composition of
wittite determined by microprobe analysis in our lab-
oratories is Pby 4 Biy4166(S,S€), (Table 2b). Matzat’s
formula for cannizzarite, which in the absence of ex-
act chemical data is based on his structure determi-
nation and the assumption of stoichiometry, is
Pb.Bis,S,,; i.e. Pbgiey,Bigas:S.

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

Acknowledgments

Apart from the considerable assistance indicated in the text, I
acknowledge with thanks the advice and help of Dr. M. H. Hey,
Dr. A. Kato, Dr. E. Makovicky, and Dr. S. Sglver.

References

Atteberg, A. (1874) Om ett selenhaltigt mineral fridn Falu grufva.
Geol. Féren. Férh., 2, 76-78.

Berry, L. G. (1963) The probable identity of laitakarite and se-
lenjoseite. Can. Mineral., 7, 677-679.

and R. M. Thompson (1962) X-ray powder data for ore

minerals. Geol. Soc. Am. Mem. 85.




796

Flink, G. (1910) Bidrag till Sveriges mineralogi. Ark. Kemi. Min-
eral. Geol., 3, 35, 4-7.

Genth, F. A. (1886) Contributions to mineralogy. Proc. Amer.
Philos. Soc., 23, 121, 30-47.

Graham, A. R., R. M. Thompson and L. G. Berry (1953) Studies
of mineral sulpho-salts: XVII—cannizzarite. Am. Mineral., 38,
536-544.

Johan, Z. and P. Picot (1976) Definition nouvelle de la weibullite
et de la wittite. C.R. Acad. Sc. Paris, 1282, D, 137-139.

Johansson, K. (1924) Ett par selenforande mineral frin Falu
gruva. Ark. Kemi. Mineral. Geol., 9, 1-7.

Karup-Mgller, S. (1970) Weibullite, laitakarite and bismuthinite
from Falun, Sweden. Geol. Féren. Forh., 92, 181-187.

Matzat, E. (1979) Cannizzarite. Acta Crystallogr., B35, 133-136.

Mumme, W. G. (1976) Proudite, CuPb,,,Biy..,(S,Se),, from Ten-
nant Creek, Northern Territory, Australia: its crystal structure
and relationship with weibullite and wittite. Am. Mineral., 61,
839-852.

(1980a) Weibullite Ag 3,Pbs goBig 55S€6.035,1.92 from Falun,

Sweden: a higher homologue of galenobismutite. Can. Mineral.,

18, 1-12.

(1980b) The crystal structure of nordstrémite
CuPb;Bi,(8,Se),,, from Falun, Sweden: a member of the junoite
homologous series. Can. Mineral., in press.

Nordstrom, T. (1879) Mineralytiska Bidrag 4. Selenhaltigt mineral
fran Falun. Geol. Féren. Forh., 2, 268-269.

MUMME: LEAD-BISMUTH SULPHOSALTS

Palache, C., H. Berman and C. Frondel (1944) Dana’s System of
Mineralogy. Vol 1. 7th ed., Wiley, New York.

Peacock, M. A. and L. G. Berry (1940) Rontgenographic observa-
tions on ore minerals. Univ. Toronto. Stud. Geol. Ser., 44, 48-69.

Povarennykh, A. S. (1972) Crystal Chemical Classification of Min-
erals. Plenum Press, New York.

Sindeeva, N. D. (1964) Mineralogy and Types of Deposits of Sele-
nium and Tellurium. Interscience, New York.

Strunz, H. (1957) Mineralogische Tabellen. Akademische Ver-
lagsgesellschaft Geest und Portig K-G, Leipzig.

Vlasov, K. A. (Ed.) (1964) Geochemistry and Mineralogy of Rare
Elements and Genetic Types of Their Deposits. Volume I1. Min-
eralogy of Rare Elements. Nauka Publishing House, Moscow.

Vorma, A. (1960) Laitakarite, a new Bi-Se mineral. Bull. Comm.
Geol. Finlande, 188, 1-10.

Walker, T. L. and E. Thompson (1921) An examination of lillian-
ite and galenobismutite. Toronto Univ. Stud. Geol. Ser., 12, 11~
15.

Weibull, M. (1885) Om selenhaltig galenobismutit frin Falu
grufva. Geol. Firen. Forh., 7, 657-666.

Wickman, F. E. (1948) From the notes of the late K. Johansson.
III Galenobismutite and weibullite. Geol. Foren. Forh., 70, 488~
489.

Manuscript received, September 20, 1978;
accepted for publication, March 4, 1980.





