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ABSTRACT

The crystal structure of the new mineral species owensite, @aPb)6(Cu,Fe,NDxSzz, is cubic, a 10.349(1) A, space group
Pz3m. Nine S atoms bond to each @4Pb) atom. The unit cell contains a single (Cu,Fe,Ni) atom that is octahedrally coordinated
by S; the other twenty-four (Cu,Fe,Ni) atoms are tetrahedrally coordinated. The structure is analogous to that of djerfisherite,
K6Na(Fe,Ni,Cu)rnSruCl, but it contains no monovalent ions. The K sites in djerfisherite are here occupied by @a,Pb) atoms; the
Na site is occupied by one of the (Cu,Fe,Ni) atoms, whereas the Cl site is occupied by a S atom. The structure was solved and
refined to an R index of 5.27o for MoKcl data to 20 = 100". The bond lengths and angles are all within the expected lirnits:
Ba-S between 3.132(2) and 3.300(5) A, 1cu,fe;-s berween 2.302(3) and2.356(2) A ltetraneArnl, or 2.501(5) A toctanenral.
The Pb atom replaces the Ba atom within the S coordination cage, but is disordered and displaced from @e Ba atom position as
a result of the presence of the 6^f Pb electron pair. Four disordered Pb satellite positions exist, all 0.38 A from the Ba position,
and in a square with a side of 0.31 A.

Keywords: owensite, barium copper-iron sulfide, structure refilement, atomic ratios, disordered lead, djerfisherite-group
mineral.

SoMrraeRs

La structure cristalline de I'owensite, nouvelle espdce min6rale de formule @aPb)u(Cu,Fe,Ni)25S27, est cubique,
a = 10.349(1) A, et de groupe s patal Pm3m. Chaque atomi de @a,Pb) est 1i6 d neuf atomes de S. Un seul atome (Cu,Fe,Ni) par
maille est en coordination octaddrique avec des atomes de S, les 24 autres 6tant en coordination tdtra6drique. L'owensite est
isostructurale avec la djerfisherite, Kuf.{a(Fe,Ni,Cu)sS26Cl, mais s1 diftbre par I'absence dlons monovalents. Les atomes de K,
Na et Cl de la djerfisherite correspondent respectivement I @aPb), (Cu,Fe,Ni) et S dans I'owensite. l,a structure a 6t6 r6solue
et affin6e jusqu'd un r6sidu R de 5.2Vo sur des donn6es de diffraction mesur6es avec rayonnement au molybdbne jusquld
20 = 100'. Les valeurs des distances et angles de liaisons respectent les limites attendues: Ba-S entre 3.132(2) et 3.300(5) A;
(Cu,Fe,Ni)-S enne2.302(3) et2.356Q) A lt6haddres] ou 2.501(5) A [octabdre]. L'atome Pb remplace le Ba d I'int6rieur de la
cage de S, mais il est d6plac6 par rapport a la position du Ba en raison de la^pr6sence des orbitales 6lectroniques 6,p du Pb,
et est^d6sordonn6. On distingue quatre pics satellites dus au Pb, tous b 0.38 A de la position du Ba, qui forment un carr6 de
0.31 A de c6t6.

Mots-cl6s: owensite, sulfure de baryum, cuivre et fer, affinement de structure, rapports atomiques, plomb d6sordonn6, min6ral
de type djerfisherite.

IurnooucnoN

The new mineral species owensite, found in the
Wellgreen deposit, Yukon Territory (Cabi et al.
1993), has been described in the previous paper
(Laflamme et al. 1995). Interest in this mineral
developed when it was realized that it promised
to be a Ba transition-metal sulfide, as no Ba
sulfide minerals have hitherto been described.
It was expected from the chemistry and the X-ray
powder-diffraction data that this mineral would
have an argentopentlandite structure (Hall & Stewart
1973), However, electron-microprobe aoalyses on
owensite glains indicated atomic proportions

[(Ba5.a2Pbe.56)55.e3(Cu 12.s7Fe1 1.70Ni0.14)>2 q.t tS zt.tt,
based on 58 atomsl that are incompatible with the
expected 9:8 metal:sulfur ratio. Given the observed
proportions of Ba, Pb, Cu, Fe, Ni and S, it was not
possible to acccount for the chemistry in terms of
atomic sites within the known structural types. To this
end. a stuctural determination was undertaken to
elucidate the formula and to explain the determined
chemical composition.

E:crnnnmuer

An irregular fragment of owensite, dug out of a
polished section and measuring <50 pm across, was
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mounted on a CAD4 single-crystal diffractometer. This
gfain had been used previously to obtain the powder-
diffraction data and to characterize the mineral by a
single-crystal precession study. Unit-cell dimensions
were refined from 45 unique reflections in the range
22.3 < 20 < 45.7", using the NRCVAX routine
TRUANG. This computer program measures and
avemges the angular positions for each of the four
equivalent reflections (ftftl and -h-k-l at +2e and -2e).
MoKcx radiation was used throughout the data-
collection procedure. The value of the a parameter
quoted here t10.349(1) Al differs slightly from that
quoted in the previous paper (Laflamme et al. L995);
the latter value (10.373 A) was obtained from a
refinement of X-ray powder-diffraction film data,
uncorrected for film 5ffinkage. Four equivalent
segments of diffraction data were collected in diffrac-
tion symrnetry 3m (equivalent to eight segments in
symmetry m3m, or one quarter of the sphere of
reflection), to a limit of 20 = 100'. In view of the very
small size of the crystal, slow scans (y2" in 20 min-l.1
were used. Nevertheless. some reflections were still
observed atthe2Olimit of data collection, though most
were unobserved. and the observed reflections were all
weak. Empirical absorption-corections were applied
from correction curves obtained from y-sweeps for
four reflections with widely differing 20 values. The
intensities were measured at intervals of 5" in y, and
the corrected data were reduced in both diffraction
symmetry 3m and m3ru.With no systematic absences
in the cubic system, the space group was identified as
being one of the following: Pm3m, P432, P43m, Pm3,
or P23.

Srnucnine DsrERMn IATrol.l
eNo RnFn\IEN{sr.r'r

The structure was solved using direct methods
initially in space group Pm3. It was being refined in
this space group, until it was realized that the very high
matrix correlations observed in the least-squares
refinement were due to an additional mirror plane in
the deterrnined structure. Reassignment of the space
group as Pm3m yielded. a model that refined to an
acceptable residual with little difficulty. Scattering
curves for neutral atoms (Cromer & Mann 1968) were
used tlroughout the refinement. Population parameters
were allowed to vary for the atoms in the metal sites
(refined as Ba and Cu, respectively), with the popula-
tion parameter of the S sites fixed at unity as a
reference. With the proposed Ba site at about frilI occu-
pancy and both Cu sites showing about92%o occupan-
cy, weighted dual scattering factors were introduced.
The scattering curve for the Ba site was adjusted to
include the partial incorporation of Pb in that site,
Ba:Pb = 0.9064:0.0936. $imil6ly, the Cu scattering
curve was adjusted for the presence of Fe in the Cu:Fe
proportion indicated by the microprobe results.

Unfortunately, in the currently used software for
structure refinemen! a maximum of only two atomic
types can be assigned to a single site; Ni was therefore
omitted. This is not likely to introduce any significant
error, as the proportion of Ni is very small l<0.6%o ot
the (Cu,Fe,Ni)1, and the composite curve of Cu and Fe,
in the proportions found in the microprobe analyses, is
very close to the Ni curve. The structure refined using
anisotropic thermal parameters to a residual R of 6.2Vo.
Of the 1209 unique reflections measured, 554 were
observed with the criterion that /o6" > 3o(/"$. This
residual is higher than one would like to see in a well-
refined structure, but it was considered that this rvas an
artifact of collecting the data on such a small crystal to
the high 2e tmit of 100'. Truncating the data to the
more usual limit of 20 = 60o improved the residual to
3.9Vo. Near the end of the refinement the population
parameters of all metal sites were allowed to vary in an
attempt to check for incomplete occupancy of these
sites in the structure. The resultant parameters did not
differ significantly from unity for the (Cu,Fe) site
10.99(2)1, and it must be concluded that all (Cu,Fe)
sites are fully occupied. However, the Ba population
parameter did decrease to less than the expected value.
A difference synthesis calculated at this point in the
refinement revealed small pe^aks distributed about
the fourfold axis and about 0.5 A from the Ba position.
These were interpreted as being due to a disordered Pb
atom, moved away from the Ba position by the inter-
action of the remaining Pb 6.P vatence electrons with
the anion coordinating sphere (see Moore et al. 1993,
Szymarlski 1988). As the proportion of Ba:Pb is
0.9064:0.0936, and as the 0.0936 population parameter
for Pb is now equally divided among the four disor-
dered sites, its value is now only 0.0234 at each new
site. Refinement of the position, of the occupancy and
isotropic thermal parameter of this very small peak
(corresponding to 0.0234 x 82, or -2 electrons) was
strongly correlated, and very severe damping had to be
used for the block-diagonal least-squares employed.
The structure refined to R = 5.2Vo for all data and
R = 3.5Vo for data below 20 = 60o. A difference
synthesis did not reveal any peaks beyond 1 electon,
and these were at high+ymmetry positions, where
cumulative errors in data tend to generate peaks. All
crystallographic calculations were carried out using the
NRCVAX system of programs (Gabe et al. L989) ona
486-P.C. The crystal data on owensite are summarized
in Table 1.

DpscruprroN oF Tm SrRUcruRE
OF OWENSITE

There are four unique S sites. These are: Sl at the
origin [0,0,0], (multiplicity l); 52 at [al,6,0], (multi-
plicity I 2) ; 33 at lYz,L/zal, (multiplicity 6); 34 at lx,x,xl
(multiplicity 8). There are thus 27 S atoms within the
unit cell. The (Cu,Fe,Ni) atom is found at the lr/z,lz,lzl
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TABLE 1. CBYSTAI, DATA FOB OWENSI1TE

oIr68lte, stEpltf l€d f ormrla 3 ( Ba, Pb) s(Cu. E e, Nl ) ilge?-
ElEctrcn-nlcloprob€ for:rorla, baEed on 58 atore-t
( hr.qPbo.r") *.o( cuu.dF€u.rl{lo.ul u.ngn.t

sr@6tqr3 cubLc, a 10,349(1) L, tn3u $z2L), z - t,

gfBt@atia abEgnceE! none

8lrace-grosp cholcerr Pn3nr.P4g2, id3a, pa3, ox P23.
Ib3! fron stnctue deteminatlon.

gource! tlellgrsn Cu-Bt-Pt-Pd delbstt, Yulron Ter:lltory
{cablt et a.l. 1993).

Denslty! D*. -- 4.83 Mg D-e f,o! stotchloretrLc formrla,
4.78 Mg n-r for o4rlrlcal forfirLa derLv€d f,!@
el€ctron-nlcloprobe data, D&. not d€tofinined.

ebsorptl,ont g(Uo.Fa) - L80.4 cn-r.

htenBlty datat 4 ualquo s€grents coLlected ln
dlfflactl.on symetly 3!! (equl"alant to
I se$lents ln D3D) to a ltnLt of, 20 - 1000
uslng uord radlatiolt. Avetag€d to yt€ld
1209 utque lefloctLons neasu€d, 554 wtth
Ie .  >  3o( I@,) .

Ref,l,nmsntr fsLL-eatrls laast-squales to x - 5.28,
block-dlegoaal ln flnal cycl€s to lefllre
dl6order6d Pb posltlorr.

l€flam€ er a-1. (1995).

position (multiplicity 1) and at [x,y,y] (multiplicity 24)
for a total of 25 (Cu,Fe,Ni) atoms in the unit ce[. The
Ba atom is found at a six-fold site at [0,0"2], and the Pb
atom is within the sarne S cage, but is displaced from
the Ba position toward the origin and away from the
fourfold axis. It is positionally disordered, and
statistically distributed in a site at lx,x,zl with 24-fold
multiplicity and located 0.380(12) A from the Ba atom.
This results in the formula @a,Pb)6(Cu,Fe,Ni)25S27,
tr'rthZ= l.

Discussion ofthe coordination polyhedra around the
Ba and Cu atoms follows. For Ba. the coordination is

Ftc, 1. Coordination of (BqPb). 51 is at the origin, with a
fourfold axis through Sl and Ba (larger circle at center).
Pb is displaced from the Ba position and disordered over
the four sites close to the axis (small circles near Ba).
54 lies along the body-diagonal of the cell, whereas 52 is
in the plane oft'wo axes. A square antiprism is thus formed
from the four 52 and four M, whereas 51 occupies an
axial position above the antiprism. Each S4-S1-S4
triangular face is face-shared to form a ctuciform assem-
bly around the origin.

illustrated in Figure 1. Witl 51 at the origin and Ba
along each axis, there is a fourfold axis tbrough these
two atoms. There are four 52 atoms [at 3.239(3) A] and
four 54 atoms lat 3.302(3) A] arranged in a somewhat
distorted square antipris4. Sl is the ninth coordinating
sultur atom at 3.148(2) A. A ridecahedron (13 faces)
with nine vertices is thus formed around Ba. This poly-

Flc. 2. The @a,Pb)-S poly-
hedra, comprising the
units shown in Figure I
@ut without the Pb) face-
sharing to form a cruci-
form assembly at each
origin and between adja-
cent origins. The unit-cell
edge is indicated. These
polyhedra extend along
and fill the space close to
each of the three axes.
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hedron is repeated in each of the positive and negative
axial directions, with the 52 atoms midway along the
axes being shared between adjacent polyhedra (Fig. 2).
The edges of the cell are thus fully defined, and the
space between adjacent origins is filled with these
Ba-S polyhedra.

Cul is at the center of the unit cell. and is sur-
rounded by six 53 atoms (at Vz,Vz,z) at a distance of
2.499(5) Anperfect octahedral coordination. Cu2 is in
a somewhat distorted tetrahedral coordination. with an
52 at 2.357(4 A, a second 52 at 2.358^(3) A, an 53
at 2.347(4) A and an 34 at 2.304(3) A. One angle
(S3-Cu-S4) is opened up to 127.1"; the remainder are
between 105.1' and 106.3".

The coordination of the S atoms is as follows: S1. at
the origin, is in perfect octahedral coordination by Ba
atoms at 3.148(2) A. 52 is bonded to two Ba atoms and
four Cu atoms in a distorted triangul,ar prism (Fig. 3).
The distances to Ba are 3.239(3) A and to Cu are
2^.357(2) A. Sl is bonded to four Cu2 atoms 12.347(3)
{ at the base of a square pyramid, with Cul t2.499(5)
Al at the^ apex @g. 4). 54 has tlree Cu2 atoms
t2.302(3) 4l adjacent to each other and tbree Ba atoms
t3.304(3) Al adjacent to each other. A distorted octa-
hedron is thus formed with Cu and Ba atoms always
trans to each other across the 54 atoms.

It is clear that the Ba coordination polyhedra
account for the space between adjacent origins, that the
Cul octahedron occupies the center of the cell, and
that the rest of the space within the unit cell is filled
with tenahedrally coordinaled Cu2 atoms.

Ftc. 4. The square pyramid coordination of 53. A fourfold
axis passes through Cul (at the apex) and 53.

The refined atomic parameters are listed in Table 2.
These paraneters can be related to those published for
djerfisherite @mitrieva et al. L979) by nansforming
the origin to the cenrcr of the cell. Bond lengths and

TASTT '. ATOUIC PASAU&T&S IgITE STANDAf,D DEVIATIONII

Atmlc Fu@tEts a,y,z a\d E-.
E.g.D.rE ref€! to th€ last i t lg l t  Drlntod.

y z n*.tF)Atoa 6lte occ. :

9 1 l a t . 0 0 0
s2 L2h r .0  0 ,24422(35)  0 .5
s 3  6 f  1 . 0  0 . 5  0 . 5
s4  ag  1 .0  0 .21703(30)  0 .21703
Ba 6e .906{. 0 0
Pb 24a .O234t  0 ,0149(15)  0 .0149
Cul tb .5237+ 0.5 0.5
c '12  24n .52371 0 .36416(10)  0 .35416

0  1 . 1 0 ( 1 0 )
0  r , 1 0 ( 1 r )
0 . 2 5 8 5 8 ( 5 0 )  1 . 0 5 ( 1 0 )
0 . 2 1 7 0 3  1 . 2 6 (  4 )
0 . 3 0 { 2 0 ( 1 4 )  r . 1 3 (  3 )
0 . 2 7 { 0 ( 1 5 )  1 . 2 2 ( 3 3 )
0 . 5  1 . 0 9 (  5 )
0 . 1 3 8 0 6 ( 1 7 )  L . 4 5 (  4 '

8 l  1 . 3 9 ( 2 1 )  1 . 3 9  1 . 3 9  . 0 0 0  . 0 0
s 2  1 . 3 8 ( 1 4 )  L . 4 7 ( r 4 l  1 . 3 3 ( 1 3 )  . 0 0 0  . 0 0
s 3  1 . 5 0 ( 1 2 )  1 . 5 0  1 . 0 2 ( 1 9 )  . 0 0 0  . o o
s 4  r . 6 0 (  7 )  1 . 6 0  1 . 6 0  . 2 3 ( 0 9 )  . 2 3
B a  1 . 5 { (  3 )  1 . 5 4  1 . 2 0 ( 5 )  . 0 0 0  . 0 0
c u l  1 . 6 0 ( X 2 )  1 . 6 0  r . 6 0  . 0 0 0  . o o
c u 2  1 . 6 7 (  3 )  r . 6 ?  2 . 1 7 ( 6 )  - . 1 6 ( 5 )  . 0 4 ( { )
Pb U(tEo) - r.52(42)

r  [ (PbrBa)  -  X .00 ] ,  i  ( ro  E  . {753)

Iabls of !(t,J) valueE : 100.
E.g.DE. lsfat bo the last dlgtt ptlnted

ulf(u) u22 q33 ql2 u23

. 0 0

.00

. 0 0
, 2 3
. 0 0
. 0 0
. 0 {Ftc. 3. Distorted tdangular prism around 52. The four Cu2

atoms are in a square, with Ba in the plane that is half-way
between copper atoms and includes 52. The polyhedron
has ma symmetry.

ldEotrcpLc E@IEratw Faotos ue of tlg foEt
?dtF -2rl T (h2uu.aBt8t+--+2ahfkqu,agt8,bStarr--)
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L. c@rdi.nattou of, 51 - Requlu octahedron.
s1 - Ba 3,14a3(15) AlL egl6s 90 or 180

2. c@rdlnatlon of, s2 - DLstoried trlugul,u prls.
s 2 - B a ( 6 , f )  2 \ 3 . 2 3 9 1 3 ,
5 2  -  c u 2 ( ' g ' h ' l l  4  *  2 . 3 5 7 1 2 ,
sa.b- S2 - Baf, 17.4(71
B a - 5 2 - 6 1 2  4 a  9 2 . 2 ( L ,
B a  -  s 2  -  c h 2  4 :  1 4 1 . 6 ( 1 )
Gr2- s2 - Or2g 74.6(1' c\r2g- a2 - Cu2n 116.5(1)
clr2- s2 - cu2i 73.2(L, Oa2g- a2 - Or2f 73.21f,
crt2- e2 - c!21 116.5(21 6J2h- a2 - c't2l 74.61\

3. c@rdlnatioD of 93 - 9quu6 ByreLd.
S3 - Cql 1 x 2.499(5) (apical bond)
s3 - cu2 ( ,J,h,kl 4 x 2.341(3't (equuB ba6e)
c u 1 - s 3 - o r 2  4  r 1 2 2 . 1 ( 1 ,
O r 2 - 5 3 - ( } ! 2  4  x  ? 3 . 6 ( 1 '
cu2 - s3 - ctt2 2 x 115.4(2'

4. C@rdl@tion of 84 - trlugula etlprl,m,
or dl.6!or!€d oqlahedloD.

S 4  -  6 t 2 ( , b ' a t t  3  x  2 . 3 0 4 ( 3 )
8 4  -  B a ( , . b , d )  3  x  3 . 3 0 2 ( 4 )
B a - 6 4 - B a  3 x 8 4 . 8 ( 1 1  B a - s 4 - c l r  6 x  9 1 . 6 ( x l
c q -  s 4  -  C \ r  3  : 9 1 . 8 ( 1 )  B a - s 4 - c !  3 r  1 7 5 . 1 ( 2 1

5. C@rdllatLq of BE - dl.eborted 6quu€ utlprls
wfth alnth atoa at atE.

B a - 9 1  1 r 3 . 1 4 9 3 ( 1 5 )
Ba -  s2 ld .7 , tu tn )  4  x  3 .239(3)
B a  -  3 4 ( , o t p t r l  4 r  3 . 3 0 2 ( 5 )
s1 - Ba .- 82 4 t L24.7(r) s2d- Ba - 84o 134.6{1}
s1 - BA - 84 4 s 74.Ilf) s2d- Ba - sAp 68.9(1)
s2d- Ba - g2.X 102.6(1) s2d- Ba - s4g 134.6{1}
g2d- B1 - a2tu 67.0(r) S4 - Ba - 84o 148.3(1)
s2d-  Ba -  82a 67 .0(L)  s4  -  Ba -  s4p  S5.?(1)
s2 l -  Ba -  a2a 67 .0(1)  34  -  Ba -  a4g 85 .7(1)
421-  Be -  82 !  67 .0(1)  s4o-  Ba -  s4p  95 .?(1)
62r  Ba -  82a 102.6(1)  a4o-  Ba -  a4q 85 .7(1)
s2d- Ba - s4 68.9(11 s4p- Ba - s4q 144.!(1)

6, Coordlnatlon of, C!1 - r€glLu oqtaledlon.
cu1 -  83(  ,b ,d .s ,x ,u l  -  2 .499(5)

7. CoordiEtlon of Cu2 - dtetortod t€traledran.
32 - ctr2 - 52e 105.1(X)

Cu2 - 52 2.3Aa(2, s2 - Cu2 - 83 106.3(1)
6)2 - S2v 2.384(21 E2 - cu2 - s4 f05.1(11
cu2 -  s3  2 .347(31 S2r -  Cu2 -  A3 106.3(1)
cu2 -  s4  2 .304(3)  S2e-  c !2  -  s4  105.1(1)

s3  -  cu2  -  s4  L27.L(2 t

ahe folloLrg ato@ ue tho 8!@t!y Equl,valent6

N a @ a
B e 0
Bab 0
Baq 0
Bad 0.30260
Bae -0.30260
Baf O
C,drzg 0.36427
(lt2h a.36427
c!t2L O.3Q27
cq2J 0.635?3
(l l2& 0.635?3
6t2b 0.36425
cr2d 0.13810
E2d 0
s27 0
s2n 0.24454
a?a -O.24454
94o -O.2L722
s4p -O.2L722
s4q 0.2L722
B u 0
63s 0 .5
83 '  0 .5
a3r  o .5
s3d 0.25836
83u O.74f64
a2v 0 .5

t  z  a '  y '  z '
0  -0 .30260

0 . 3 0 2 6 0 o y a a
-0.30260 O -y -, -a

0 0 z z y
0 0 - t - x - f

0.69740 O -y 1.0-a -a
0 . 3 6 4 2 5 - 0 . 1 3 s 1 0 a y - t
0 .63575 0 .13910 a  1 .0 -y  z
0.63575 -0.13810 a 1.0-t -z
0 .63s75 0 .13810 1 .O-x  l .O- f  a
0.36425 0.13810 1.0-a !, t
0 . 1 3 8 1 0 0 . 3 6 4 2 7 y 8 a
0 . 9 6 4 2 7 0 . 3 6 4 2 5 a a y
O . 2 4 4 5 E O . 5 t a z

-0.2445A 0. s -a -: 1.0-y
0 O , 5 a u Y
0  0 , 5

-o.2L?22 0.2L722 -a
O.2L722 o.2r722 -r s a

-4,2f722 0.2L722 z -a Y
0 0.69740 -a -y 1.0-s

0 .5  O.74f64  1 .0 -a  1 .0 -y  t .0 -z
0 . 2 5 8 3 6 O . 5 y t x
O.7LL64 0 .5  1 .0 -y  1 .0 - ,  t .o -z

0 . 5 0 . 5 e a Y
0.5  0 .5  1 .0 - t  t .o -z  l .o -y

0 . 2 4 4 5 4 0 . 5 y a s

angles are grven in Table 3. The observed structure-
factors (10 x F") with standard deviations and
calculated (10 x F") structure-factors are given in
Table 4, which is available at a nominal charge from
the Depository of Unpublished Data, CISTI,
National Research Council of Canada Ottawa Ontario
KlA 0S2.

DrscussroN

From its powder-diffraction pattem and from its
proportions of heavy-metal, transition-metal and sulfur
atoms as obtained from electron-microprobe analyses,
owensite was initially considered a derivative of the
argentopenflandite structure, AgFesSs (Hall & Stewart
1973). Indeed, stoichiometrically owensite is close to
argentopentlandite; the metaysulfiu ratio in owensite is
3Un 0.L48), and in argentopentlandite it is 9/8
(1.125). Owensite is the first example of a Ba-contain-
ing sulfide mineral. The total absence of monovalent
cations and of Cl made the relationship to djerfisherite
unclear, until it was kindly pointed out to the author by
fwo (anonymous) members of the Committee on New
Minerals and Mineral Names, IMA, during the name
approval process. When the structure had been solved,

and thq relationship of owensite to djerfisherite was
understfod, specimens of owensite were probed again,
to deterinine the absolute level of possible Cl presence.
At the detection limit of the microprobe (Laflamme
et aL L995), the possible limit for Cl is less than
0.012 atom/formula unit. Structurally, Cl can play no
part in owensite. The difference between the two
structural fypes is that owensite and djerfisherite have
space group Pm3m, whaeas argentopentlandite is
Fm3m; the cell- edges for the three are similar': owens-
ite, 10.373(1) A (this wort); -djerfisherite 10.465(1) A
pmitrieva et al. L978); argentopentlandite 10.521(3)
A (Hatl & Stewart 1973). The development of the
owensite structure from that of argentopentlandite can
be rationalized as follows: in argentopentlandite, where
the Ag atom occupies one of the octahedrally
coordinated metal sites of the reference structur-e of
pentlandite, the Ag-S distance is only 2.676 A. b
owensite, the presence of the much larger (Ba,Pb) atom
demands alarger hole, and this results in an increased
coordination number from six to nine. The S atoms in
the structure are required to surround this large Ba
atom, and fewer are thus available for octahedral coor-
dination tbroughout the cell. Only the unique Cul atom
retains an octahedral coordination at the center of the
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FIc. 5. The distorted octahedral coordination around 54,
showing tbree barium atoms (arger circles) and tlree Cu2
atOms (smaller circles). Each copper is trans to abuim
atom.

cell. It appears that the larger coordination-polyhedron
needed for Ba in owensite cannot be reproduced at the
face-centering position; it is just too large. The struc-
ture reduces to a primitive cell, and gives rise to a
somewhat different metal:sulfur ratio. Once the
primitive cell of ditraction symmety rn3m bas b:.rln
achieved, it is found to be isostructural with that of
djerfisherite. This appears to be a "chicken-and-egg"
argument, put the end result is that what was previous-
ly thought of as a simple structure, namely the
djerfisherite structure, is truly a structaral type,
with djerfisherite, thalfenisite [the Tl derivative,
TIu@e,Ni,Cu)25SrtCl, (RudashevsKy et al. 1979)1, and
now owensite as group members. In thalfenisite, the Na
atom is replaced by a divalent ion. Owensite represents
the next stage of replacement, where (BaPb) replaces
Tl and S replaces Cl.

The disorder that occurs as Pb replaces Ba in the
large heavy-metal site has been discussed at some
length by Moore et al. (1993) and has been observed in
many lead salts and minerals, where the coordination
sphere of anions around the Pb atom is asymmetrical.
The effect is to displace the 6,f electron density (which
is about the size of an 02- anion) away from the smaller
bond-pair densities. Moore et al. (1993) proposed that
this effect is electrostatic in origin. A pear-shapgd
orbital results, and the greater part of the elecfion
density is moved away ftom the position where, in the
present case, the Ba atom is located within the same S
cage. The refined atomic position of Pb is on the ("rt,z)
mirror plane and around tle four-fold axis. This results

ilr four possible atomic sites, in a sguare of 0.307(30)
A, with the Pb site being 0.380(12) A from the Ba site.
Only one ofthe Pb sites can be occupied in any given
sulfur cage at any given time, and only if Pb has
replaced Ba within that cage. There is thus no point in
discussing at lengttr all Ba-Pb distances and angles, as
these cannot exist in reality.

The residual R, achieved before invoking disorder
(6.2Vo), was somewhat higher in the presetrl refinement
than one would like to see in a well-refined structure.
However, it was considered originally that this was an
artifact of collecting the data out to 20 = 100' on such
a small crystal. The large number of weak reflections
observed at high diffraction-angles from this very
small crystal results in an artificial raising of the
agreement factor to above what should be expected.
When refinement was restricted to data below
20 = 60o, the .R value converged to about 3.9Vo. With
the strustural model involving Pb disorder away from
the Ba position, the residual for all data dropped to
5.2Vo, wrth tle data below 20 = 60" giving an R of
3.5Vo. T\e improvement in the refinement using the
disordered model is very significant The process of
averaging the eight segments of intensity data in
symmetry rn3m gSves rise to an agreement factor of
about 3Vo befween equivalent segments, and this is
usually a good barometer of the possible degree of
refinement and the ultimate R value that can be
obtained with a well-refine4 nondisordered structure.
Thus, in the present caseo the refinement achieved
for ttre final disordered model is not significantly
greater than the expected 3Vo for the observed data
to a 20 of 60'.

CoNcr-usroxs

Djerfisherite-group minerals have been considered
to have a chemical composition in which Cl is essential
(1 Cl per formula unit), monovalent ions are present
(6 K and 1 Na), and the proportion of the tansition
metal has been reporoed as less than stoichiometic
(Clarke et al, L994). Owensite obeys none of these
conditions. It has large divalent (Ba,Pb) atoms
replacing K, a (Cu,Fe,Ni) atom replacing Na, and a S
atom replacing Cl, and its (Cu,Fe,N| sites are fully
occupied. Other than that, it is isostructural with
djerfisherile and with the T1 equivalent, thalfenisite.
These structures should be considered as a group, with
the crystal symmetry, rather than the chemistry, being
the common factor.
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