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ABSTRACT

The crystal structure of dadsonite, ideally Pb23Sb25S60Cl, a 8.276(2), b 17.392(4), c 19.505(4) Å, � 83.527(7), � 77.882(8), 
� 89.125(8)°, V 2727.2(9), space group P1̄ and Z = 1, from the Klačianka hydrothermal deposit, in the Low Tatra Mountains of 
Slovakia, has been refi ned to an R1 index of 4.90% for 5263 unique refl ections [Fo

2 ≥ 2� (F2)] measured with MoK� radiation on 
a three-circle diffractometer equipped with a CCD detector. There are 10 pure Pb and 8 Sb sites, as well as three mixed (Pb,Sb) 
and (Sb,Pb) sites and three split coordinations of Sb in the crystal structure. Thirty S positions and one presumed Cl position, 
designated as “S1”, constitute the anion part of the structure. The structure is of a rod-layer type, with two types of rod-layers 
alternating along the stacking direction b. Dadsonite is a desymmetrized OD structure with profuse twinning. The two types of 
layers present possess layer symmetries p1̄ and b2/m11, respectively. These layers respectively have a pseudoperiodicity equal 
to a/2 and a set of elements of pseudosymmetry which together cause a disorder process.
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SOMMAIRE

Nous avons affi né la structure cristalline de la dadsonite, de composition idéale Pb23Sb25S60Cl, a 8.276(2), b 17.392(4), c 
19.505(4) Å, � 83.527(7), � 77.882(8), � 89.125(8)°, V 2727.2(9) Å3, groupe spatial P1̄ et Z = 1, provenant du gisement hydro-
thermal de Klačianka, dans les montagnes bas Tatra de Slovaquie, jusqu’à un résidu R1 de 4.90% en utilisant 5263 réfl exions 
uniques [Fo

2 ≥ 2� (F2)] mesurées avec rayonnement MoK� sur un diffractomètre à trois cercles muni d’un détecteur de type 
CCD. La structure contient dix sites occupés entièrement par Pb et huit sites à Sb, ainsi que trois sites à occupation mixte (Pb,Sb) 
et (Sb,Pb), et trois sites ayant une coordinence partagée de Sb. Trente positions de S et une position présumée de Cl, désignée 
“S1”, constituent la partie anionique de la structure. Cette structure, du type “bâtonnets en couches” , comporte deux sortes de 
ces agencements en alternance le long de la direction d’empilement b. La dadsonite aurait une structure OD dissymétrisée avec 
maclage répandu. Les deux sortes de couches ont une symétrie p1̄ et b2/m11, respectivement. Ces couches possèdent à la fois une 
pseudopériodicité égale à a/2 et un ensemble d'éléments de pseudosymétrie qui ensemble causent un processus de désordre.

 (Traduit par la Rédaction)

Mots-clés: dadsonite, sulfosel Pb–Sb, structure cristalline, chlorosulfure.

§ E-mail address: emilm@geol.ku.dk



1500 THE CANADIAN MINERALOGIST

ment of Geography, Geology and Mineralogy, Univer-
sity of Salzburg. The following standards and X-ray 
lines were used: natural PbS (galena; PbL�), Sb2S3 
(stibnite; SbL�, SK�), HgS (cinnabar; HgL�), CuFeS2 
(chalcopyrite; CuK�), synthetic Ag metal (AgL�) and 
NaCl (ClK�). The raw data were corrected with the on-
line ZAF–4 procedure. The results, obtained from eight-
point analyses on different grains, show only minor 
variation of the chemical composition of dadsonite, 
and a constant presence of Cl (Table 1). The chemical 
composition obtained conforms fully with the formula 
established by Moëlo et al. (1989).

X-RAY CRYSTALLOGRAPHY

Several needle-like crystals, extracted from dadsonite 
aggregates, were investigated with a Bruker AXS 
diffractometer equipped with a CCD area-detector 
using graphite-monochromated MoK� radiation. After 
many trials, a crystal suitable for structural investigation 
was found. Experimental settings are listed in Table 2. 
The SMART (Bruker AXS, 1998) system of programs 
was used for unit-cell determination and data collec-
tion, SAINT+ (Bruker AXS, 1998) for the calculation 
of integrated intensities, and XPREP (Bruker AXS, 
1998) for empirical absorption-corrections based on 
pseudo �-scans. The centrosymmetric space-group 
P1̄, proposed by the XPREP program, was chosen; it is 
consistent with the triclinic symmetry of the lattice and 
intensity statistics (mean |E2 – 1| = 1.259). The structure 
of dadsonite was solved by direct methods (program 
SHELXS of Sheldrick 1997a), which revealed most of the 
cation positions. In subsequent cycles of the refi nement 
(program SHELXL of Sheldrick 1997b), the positions of 
additional atoms were deduced from difference-Fourier 
syntheses. The structure obtained agrees in all principal 
features with that determined by Makovicky & Mumme 
(1984). Refi nement data are given in Table 2, and the 
fractional coordinates and isotropic and anisotropic 
displacement parameters of all atoms are listed in Table 
3. Selected Me–S bond distances are presented in Table 
4, and selected geometrical parameters for individual 
coordination-polyhedra, calculated with the IVTON 
program (Balić-Žunić & Vicković 1996), are given in 
Table 5. A table of structure factors for dadsonite may 
be obtained from the Depository of Unpublished Data, 
CISTI, National Research Council, Ottawa, Ontario 
K1A 0S2, Canada.

THE OVERALL STRUCTURAL SCHEME

The crystal structure of dadsonite consists of rods 
of an SnS-like arrangement, infi nite along [001] of the 
SnS archetype. These rods, three coordination pyramids 
of Pb or Sb wide, and four combined sulfur-and-metal 
sheets thick, are organized into two alternating, distinct 
types of layers (Fig. 1), the so-called rod-layers of 
Makovicky (1993). Their inner portions are occupied by 

INTRODUCTION

Dadsonite was defi ned by Jambor (1969) as a new 
sulfantimonite species from four distinct localities: 
Yellowknife in the Northwest Territories, and Madoc, 
Ontario, both in Canada, Pershing County, Nevada, 
U.S.A., and Wolfsberg, Germany. He determined the 
mineral to be monoclinic, with a 19.05 Å, b 4.11 Å, 
c 17.33 Å and � 96°20´, and established the chemical 
formula as Pb11Sb12S29. A detailed chemical analysis 
and X-ray-diffraction studies of dadsonite from Saint-
Pons, Alpes de Haute-Provence, France by Moëlo 
(1979) and Cervelle et al. (1979) established its compo-
sition as Pb23Sb25ClS60, and confi rmed its monoclinic 
symmetry [a 19.041(7) Å, b 8.226(3) Å, c 17.327(7) 
Å, � 96°18´, refi ned from powder data]. The crystal 
structure of the 4 Å subcell of dadsonite was determined 
by Makovicky & Mumme (1984) in space group P2/m 
and illustrated in Makovicky (1993, 1997). The poor 
quality of the acicular crystals from Saint-Pons did not 
allow a proper refi nement of the structure.

Dadsonite is not just another lead–antimony sulfo-
salt. It has been described as one of the very few 
natural chlorosulfosalts, an interesting product of the 
reaction of highly chlorinated solutions with the older 
Pb–Sb sulfi des and sulfosalts in hydrothermal deposits 
(Moëlo 1979). It is the least chlorinated member of a 
potential series of chlorinated sulfosalts, synthesized by 
Moëlo (1979), Bortnikov et al. (1979) and Kostov & 
Macíček (1995), and observed in nature by Breskovska 
et al. (1982) and Moëlo et al. (1989). Thus, the crystal 
structure of dadsonite is a good point of departure for a 
study of the crystal–chemical role of chlorine in Pb–Sb 
sulfosalts, and a new refi nement on a better-quality 
material became desirable.

CHEMICAL COMPOSITION

Quantitative chemical data for dadsonite from 
Klačianka, Low Tatra Mountains, in Slovakia, were 
obtained with an electron microprobe (JEOL Super-
probe JXA–8600 operated at 25 kV and 35 nA, and 
controlled by the Advanced Microbeam, Probe for 
Windows system of programs), installed at the Depart-
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square coordination pyramids of (primarily) Sb, which 
form the caps of the central row of “standing” trigonal 
coordination-prisms hosting the pairs of lone electrons 
of the Sb atoms. The outer surfaces consist of square 
coordination-pyramids of Pb, forming part of variously 
capped trigonal coordination-prisms of Pb.

The Pb prisms span the zig-zag interspaces between 
adjacent rod-layers. Inspection of these interspaces 
reveals that each straight interval in them represents a 
non-commensurate fi t between the pseudotetragonal, 
Pb-rich surface (Q) of one rod and the pure-anion, 
sheared hexagonal 32•42 surface (H) of the opposing 
rod. The observed matches are 2 Q : 1½ H and 3 Q : 
2 H in terms of surface submesh; they can be traced in 
Figure 1, where the noncommensurate interspaces were 
left uncolored.

The two rod-layers differ in the interconnection of 
the rods. One set of rod-layers, at y = ½ in Figure 1, have 
rods interconnected via a single row of anions, denoted 
S1 in Figure 2. These anions are underbonded, situated 
between the fl anking rows of S atoms, all these anions 

forming the shared faces of two tricapped trigonal 
coordination prisms of lead. Therefore, the S1 site is 
the potential Cl site in the structure. This layer is the 
rod-layer of Type 5 of Makovicky (1993), also known 
from the structure of Pb12.7Sb11.4S28.4Cl2.7 (Kostov & 
Macíček 1995).

The other set of rod-layers (at y = 0) has adjacent 
rods interconnected via a pair of standing, monocapped 
coordination-prisms of antimony. In projection (Fig. 1), 
it resembles such an interconnection in the structure 
of cosalite, ~Pb2Bi2S5 (Srikrishnan & Nowacki 1974). 
However, in cosalite, these elements are octahedra 
and not trigonal prisms, in agreement with the lesser 
steric activity of the pair of lone electrons on the Bi 
atoms. Thus, in the present layer (the Type-3SnS layer 
of Makovicky 1997), the adjacent rows of Pb are on 
the same structural levels (although they do not share 
the same x coordinate because of the large � angle). 
This situation is unlike that in cosalite, where the corre-
sponding rows are mutually displaced by 2 Å along the 
lattice direction that has the 4 Å periodicity.

FIG. 1. Projection of the crystal structure of dadsonite along [100]. The b axis points downward, and the c axis is horizontal. 
In the order of decreasing size, spheres represent: sulfur (and chlorine) (white), lead (blue), and (predominantly) antimony 
(red). Light and dark spheres are strings of atoms mutually shifted along [100] by ~2 Å. Shading indicates rods constituting 
rod-layers (010) of two types, at y = 0 and y = ½, respectively.
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DETAILED STRUCTURE OF THE RODS

The triple ribbons [100] of the square coordination-
pyramids of antimony in the Type-3 layers (Fig. 3) 
consist of (a) the marginal site Sb1, followed by Sb13 
along [100], (b) a similar pair Sb5 and Sb8 at the 
opposing margin of the ribbon, as well as (c) the central 
pair Sb3 and Sb10. The ribbons are polar, with short 
Sb–S bonds oriented in one way, on the side of +[100]. 
If the splitting of the Sb1 and S13 sites, and a partial 
substitution of Sb3 by lead, are ignored, these ribbons 
are similar to those in jamesonite (Niizeki & Buerger 

1957). Across the lone-electron-pair micelle (i.e., the 
common volume accommodating the lone-electron pairs 
of Sb) of the Type-3 rod, they are inversion-related 
with respect to the opposing Sb ribbon. These ribbons 
are backed by trigonal-prismatic Pb2, 5, 6, 7, 8, and 10 
sites, as well as by Sb2 and Sb12.

Because of the approximate correspondence between 
Sb1 and Sb13, Sb5 and Sb8, Sb3 and Sb10, as well as 
Sb2 and Sb12, Pb5 and Pb8, and Pb2 and Pb12, the 
Type-3 layer has, to a good approximation, two repeat 
periods within one a period of the lattice. Also, the 
inversion centers occur with double density: the set of 
exact inversion-centers, relating the same atomic sites 
on the two sides of the lone-electron-pair micelles, 
alternates with another (approximate) set, relating the 
approximately identical sites (e.g., Sb1 and Sb13, Sb5 
and Sb8, etc.) on these two sides of the micelle. The 
implications of this arrangement will be given in the 
following section.

The Type-5 layer at y = ½ has a completely different 
confi guration surrounding its central lone-electron-pair 
micelle (Fig. 3). The triple ribbon with marginal Sb4 
and Sb9, central Sb6 and Sb7, and again marginal Sb11 
and Pb4 sites (the latter pair represents a [100] column 
with mixed composition), consists of trapezoidally 
distorted “square” coordination-pyramids. In the [100] 
direction, the orientations of short Sb–S bonds in the 
pyramid bases alternate between, approximately, [012] 
and [01

—
2] directions. The Sb7S3 and Sb4S3 groups form 

a pair bridged via common S2 and S29 ligands, whereas 
the other Sb sites form solitary SbS3 groups. Atom 
Sb6, with its two short Sb6–S25 and Sb6–S5 bonds, 
forces Pb4 into a trapezoidal and eccentric coordina-
tion (Fig. 3b).

There is no subperiod a/2 in this type of layer, but it 
has a set of (approximate) mirror planes (100)* through 
the Sb4–Sb11 sites and, again through the Sb9–Pb4 
sites. Across the lone-electron-pair micelle, these triple 
ribbons are related by centers of symmetry situated on 
the atomic levels (those of Pb atoms in the surface of the 
layer) half-way between the local mirror planes of the 
rod. Approximate two-fold axes parallel to [100] pass 
through the S(Cl)1 position, and similar 21 axes pass 
through the centers of lone-electron-pair micelles.

CATION POLYHEDRA

There are two types of lead sites in dadsonite, (a) the 
mono- and the bicapped trigonal coordination prisms of 
Pb1–3 and Pb5–11 along the surface of structural rods, 
and (b) the Pb4, Pb12, and Pb13 sites substituting to 
various extents for the antimony in the triple ribbons of 
Sb coordination-pyramids (Figs. 2, 3a, b).

The monocapped “flat-lying” trigonal prisms of 
Pb3, Pb5, Pb8, and Pb9 (Figs. 1, 2) display an active 
lone-electron pair, so that the Pb–S distances across 
the interspace are the longest distances, of the order of 
3.09–3.26 Å (Table 4). This situation is not expressed by 
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the values of their volume-based eccentricity, because 
the monocapped trigonal prisms of Pb can be better 
fi tted by a sphere circumscribed to their S ligands than 
the bicapped trigonal prisms of Pb1, 2, 6, 7, 10, and 11 
(Table 5). The bicapped trigonal–prismatic coordina-
tions of lead (Figs. 1, 2) have a slightly more symmet-
rical distribution of cation–anion distances (Table 4), 
one capping distance being among the shortest, another 
one among the long distances, e.g., 2.90 Å and 3.20 Å 
for Pb2.

If one plots the opposing lead–sulfur distances from 
the Pb coordination-polyhedra onto the bond-length 
hyperbola of Berlepsch et al. (2001a), originally defi ned 
for Pb in the meneghinite homologues, their values are 
scattered symmetrically around the central portions of 

this hyperbola (Fig. 4). Only the bridging Pb–S distance 
of substituting Pb4 and Pb12 deviates from this trend, as 
an adjustment to the lone-electron-pair micelle of Sb in 
the Type-5 and Type-3 layers, respectively. In addition, 
the Pb–S distances for the mixed sites, and especially 
for the minor Pb12 position, refl ect the fact that all of 
the S positions involved are a weighted average of the 
S positions belonging to the Sb-occupied and Pb-occu-
pied versions of the same mixed-cation polyhedron. 
The weights are the respective cation-occupancies, i.e., 
0.65Pb and 0.35Sb for Pb4, and 0.74Sb and 0.26Pb in 
the case of Pb12. Therefore, the bond-length values for 
these mixed cations, in Table 4, can be considered of 
orientational value only. The volume-based eccentricity 
of these sites approaches that of the Sb coordination 

FIG. 2. The contents of the a ≈ 8 Å unit cell of dadsonite. For the details of the Sb–S mesh, 
see also Figures 3a and 3b. The S1 site is the site of chlorine.
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FIG. 3a. The Sb–S mesh represent-
ing the bases of square coordi-
nation pyramids [SbS5] in the 
Type-3 layer, and the adjacent 
Pb sites. Pb12 nearly overlaps 
the principal Sb3 site. The situ-
ation of the slice can be seen in 
Figure 3c.

FIG. 3b. The Sb–S mesh represent-
ing the bases of trapezoidally 
distorted “square” coordination 
pyramids [SbS5] in the Type-5 
layer, and the adjacent Pb sites. 
Atom Pb4 overlaps the minor 
Sb14 site. The position of this 
slice in the structure of dadsonite 
can be seen in Figure 3c.

FIG. 3c. Situation of the sections illustrated in 
Figures 3a and 3b.
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(Table 5). The Pb13 site, with only 0.09Pb, overlapping 
with the Sb10 site, which shows 0.91Sb, was refi ned 
using the same positional parameters as obtained for 
the majority cation Sb10.

The coordination polyhedra of antimony fall in three 
groups. For the fi rst of them, comprising Sb5, 6, 7, 9, 
and 11, three short bonds (2.42–2.59 Å) are combined 
with three to four long Sb–S distances, starting at 
3.09 Å or, for Sb11, even at 3.44 Å (Table 4). With 
the exception of Sb5, all these Sb atoms form [SbS5] 
coordination pyramids with trapezoidal bases (a square 
base is present for Sb5) in the Type-5 layer (Fig. 3). 
The two largest Sb–S distances span the lone-electron-
pair micelle that separates the two triple ribbons of Sb 
polyhedra, situated back-to-back in each rod.

The other set of empirical Sb–S bond distances 
(Sb1A and B, 2, 4A, 4B, 8, 12, 13A, and 13B) shows 
three regularly increasing short distances, starting 
at 2.41–2.45 Å and increasing to 2.60–2.72 Å. The 
Sb1A–1B, 4A–4B, and 13A–13B sites are split Sb-
sites, which in the unsplit form exhibit augmented Uiso 
values, distinctly elongate displacement-ellipsoids, and 

also manifest an average bond-length atypical for Sb. 
Splitting of these positions using an isotropic displace-
ment parameter separates at least partly the two subsites, 
revealing their unequal occupancies. Such split sites will 
have a nearly equal bond-length to the vertex of the 
[SbS5] coordination pyramid (e.g., for Sb13A and B, it 
is 2.42 Å and 2.41 Å, respectively). They will also have 
one more-or-less common, short Sb–S distance to one S 
atom in the square base of the pyramid (for Sb13A and 
B, it is the distance to S22, at 2.48 and 2.41 Å), and will 
have one long Sb–S distance that opposes this bond (to 
S18 at 3.18 and 3.28 Å, respectively). The other short 
Sb–S bond of the split Sb half-atom invariably overlaps 
the long Sb–S distance of its split counterpart (2.70 and 
2.69 Å, respectively, for Sb13A and B, overlapping with 
the distances 2.96–2.99 Å).

As illustrated for Sb13, it is not possible to determine 
the correct Sb–S distances for all three polyhedra in 
which there is splitting of cation positions, presumably 
because of the imperfect separation of two closely 
overlapping Sb positions in the refi nement, and because 
of the averaging of the positions of the sulfur ligands 
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belonging to the two alternative Sb configurations. 
The bond distances infl uenced by these errors deviate 
from the bond-length hyperbola established for Sb by 
Berlepsch et al. (2001a) and lie along a straight line 
originating at the point defi ned as the 2.50 Å/3.27 Å 
ratio of opposing bond-lengths (Fig. 4), with the equa-
tion: y = 7.86 (0.32) – 1.83 (0.13) x, where x and y, 
respectively, are the shorter and the opposing longer 
cation–ligand distances, and values within parentheses 
are the standard deviations of the coeffi cients of the 
equation.

This “hyperbola secant” trend is typical for split 
positions, as already established for Pb–As sulfosalts 
by Berlepsch et al. (2001b). It suggests that Sb8 also 
is a split position, although it was left as a single atom 
because the largest Uii value observed is less than 0.03, 
an empirical cut-off limit used for cation splitting in the 
last stages of the current refi nement of the structure.

For the sites Sb2 and Sb12, a different explanation 
of the gradation of short Sb–S distances is required. 
As a result of its position at the ends of atomic arrays 
in the rods of the Type-3 layer, the column Sb2–Sb12 
of Sb coordination-pyramids forms an unusually tight 
double column, conjugated with respect to the column 
Sb5–Sb8. As a result of overbonding and, possibly, 

also of the Sb–Sb repulsion, all of the short distances 
appear somewhat augmented and altered in comparison 
to the distances in the fi rst category of Sb polyhedra 
treated here. In particular, the Sb–S bond to the vertex 
of the square pyramid is the third shortest bond in the 
polyhedra of Sb2 and Sb12.

The Sb sites substituted by lead are best recognized 
in the bond-hyperbola plot. Instead of the linear trend 
observed for the split sites, the data points belonging to 
these sites lie on hyperbolas intermediate between those 
of Sb and Pb (Fig. 4). The points for Sb10 and Sb3 lie 
closest to the Sb hyperbola, in agreement with a low 
degree of Pb substitution in these sites; the minority 
Pb12 follows this trend. Minor Sb14 is closest to the 
Pb hyperbola, whereas its complement, Pb4, is in the 
cluster of Pb values, except for the out-of-plane Pb–S 
distances across the lone-electron-pair micelle. Thus, in 
accordance with the weighted average character of the 
sulfur ligands, the Pb:Sb ratio in the polyhedra has a 
greater infl uence on the position of the cation hyperbola 
than does the nature of the cation itself.

The deviations of the data points belonging to the 
split or mixed cation sites from the simple hyperbolic 
trend are paralleled by unrealistic bond-valence values 
(Table 5) for these sites, at variance with the accept-
able values obtained for all Pb and Sb polyhedra that 
do not exhibit such complex configurations. Bond-
valence calculations confi rm that the S1 site is the site 
of chlorine, with a bond valence total of 1.1 valence 
units (vu).

ORDER–DISORDER CHARACTER OF DADSONITE

If we preserve the orientation of axes defi ned for 
the unit cell, the Type-3SnS layer has the ideal layer-
symmetry p1̄ with the a’ axis one half of the a value 
of the unit cell. The type-5 layer has the ideal layer-
symmetry b2/m11, with the c parameter equal to 2c – a 
of the triclinic unit-cell.

The � angle of the unit-cell, 89.2°, indicates a 
slight obliquity of the structure, which arises where the 
consecutive (010) rod-layers are stacked along the [010] 
direction. After every Type-5 layer with its horizontal 
mirror planes, there is a choice between a continuation 
of this triclinic stagger in the +a→ or in the –a→ direction. 
A change in the sense of stagger means a twinning on 
the (010) system of planes as a twin element, and in the 
extreme case of the +a –a +a –a stagger, a monoclinic 
structure with a b glide plane (100) and a doubled b 
axis results.

The halved repetition-period a/2 of Type-3 layer 
means that the consecutive Type-5 layer can attach 
itself either at (practically) the same x height as the 
Type-5 layer immediately preceding the Type-3 layer 
in question, or it can attach itself at (x + 0.5) instead. 
A consistent application of the (x + 0.5) stacking prin-
ciple would lead to a triclinic C-centered cell with a 
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doubled b axis, preserving the remaining parameters of 
the original cell.

In both types of disorder, the difference in internal 
energy will be minimal, because the layers subject to 
disorder act upon one another via an intermediate layer 
with heightened symmetry or periodicity. These errors 
were perhaps the chief factors that impeded further 
refi nement of the Saint-Pons material by Mumme and 
Makovicky (in Makovicky 1993). They appear little-
active in the current material, the principal reason being 
that both the double periodicity of the Type-3 layer 
and the b2/m symmetry of the Type-5 layer are only 
approximate, violated to a small but constant extent. 
Therefore, we deal with a desymmetrized OD structure 
in which the OD phenomena are present only as occa-
sional, twinning or antiphase-boundary events (Ďurovič 
1979).This twinning is typical of dadsonite in polished 

sections under crossed polars and helps to distinguish 
it from other Pb–Sb sulfosalts (Moëlo 1983). We can 
speculate that the frequency of the events might be 
infl uenced by variations in the chemical composition 
of dadsonite, namely the variation in the concentration 
of Pb in some of the columns of Sb coordination-pyra-
mids, destroying the periodicities described above and 
layer symmetries.

COMPARISON OF THE 8 Å STRUCTURE 
AND 4 Å SUBSTRUCTURE

Many lead–antimony sulfosalts exhibit a pronounced 
~4 Å substructure, producing a subset of strong X-ray 
refl ections, and an 8 Å superstructure that modifi es the 
4 Å submotif by substitutions, occupation of alternative 
positions in a coordination polyhedron or, perhaps in 

FIG. 4. Element-specifi c bond-length hyperbolae for the pairs of opposing bonds and dis-
tances in the Sb and Pb coordination polyhedra of dadsonite. The upper-left-hand part 
of the diagram contains pairs of bonds from the bases of square coordination-pyramids; 
the lower-right-hand side comprises bonds to the vertex of the coordination pyramids, 
opposed by the shortest cation–anion distance below the base of the pyramid. Bond-
length hyperbolae are from Berlepsch et al. (2001a) (Sb) and Topa (2001) (Pb); the 
linear trend is discussed in the text. The PbS value for galena is denoted as “ga”. Points 
used to calculate the linear trend given in the text are indicated by crosses.
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some cases, vacancies, producing weak to very weak 
refl ections.

The intensity of the generally weak 8 Å refl ections 
varies with the extent of modifi cations present in the 
structure (mineral species), with the potential disorder 
of these phenomena along the 4 Å direction, as well as 
with the perfection and size of the crystal investigated. 
Some sulfosalts, e.g., jamesonite, FePb4Sb6S14 (Léone 
et al. 2003), or robinsonite, Pb4Sb6S13 (Makovicky et al. 
2004), have only a 4 Å periodicity. These latest refi ne-
ments confi rm the results of the previous ones (e.g., 
Niizeki & Buerger 1957, Skowron & Brown 1990a, 
Franzini et al. 1992) with respect to the absence of the 
superstructure. Others, like boulangerite, Pb5Sb4S11, 
may have both the ordered variants (Mumme 1989) 
and disordered (synthetic) variants (e.g., Petrova et al. 

1978, Skowron & Brown 1990b) of the Pb–Sb substitu-
tion schemes. Finally, for zinkenite, ~Pb9Sb22S42, both 
ordered and disordered 8 Å variants are known, but 
the hitherto published determinations of its structure 
(e.g., Portheine & Nowacki 1975) treated only the 4 Å 
substructure. Studies of the 8 Å variants are currently 
being performed by us, however. The remarkable 
oxy-sulfosalts from Bucca della Vena, in Italy (e.g., 
scainiite, Pb14Sb30S54O5, Moëlo et al. 2000) show very 
weak 8-Å levels.

In light of the above situation, how much informa-
tion may be lost by analyzing only the 4-Å substructure? 
The current study allows us to compare the 8-Å refi ne-
ment with the results of the substructure refi nement 
(Table 2, 6 and 7, Fig. 5), which achieved an R1 of 
4.94% using the subset of 3531 refl ections [with Fo 

FIG. 5. The 4-Å substructure of dadsonite projected along [100]; it is to be compared with the projection of the 8-Å structure 
in Figure 1. The S1 site is the site of chlorine.
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> 4�(Fo)] from the full set used for the 8-Å structure. 
The same absorption-correction as for the 8 Å structure 
was used.

In the Type-3 layers, neither statistical splitting nor 
partial substitution of the Sb position by Pb is visible 
in the 4-Å substructure. Only details of the bonding 
scheme (Table 7, Fig. 5) suggest a possible complica-
tion in the cation site for the marginal Sb sites Sb4 and 
Sb6. The lower Ueq value of Sb1 indicates a possible 
admixture of a heavier atom at the Sb1 site. The Sb sites 
of the Type-5 layer are all split in the 8-Å structure, 
and one marginal column of cation polyhedra (those of 
Sb11–Pb4) displays a nearly regular Pb–Sb alternation. 
The 4-Å substructure of this layer shows more distinct 
indications of these phenomena than that of the Type-3 
layer. The marginal Sb5 has a high Ueq value and an 
unusual scheme of short bonds, a full split of the Sb7–
Sb8 position in the central row of polyhedra, as well as 
a mixture of 0.3Pb and 0.7Sb in the other marginal site. 
No complications occur in the pure Pb sites of the 4-Å 
substructure; each of them is an average of two very 
similar Pb polyhedra from the 8-Å structure.

Summing up these observations, a majority of 
features observed in the 8-Å structure are already 
suggested by the 4-Å substructure, but to a lesser 
degree. Without any knowledge of the 8-Å structure, 
several of them might be overlooked or not analyzed 
in detail. Thus, the 4-Å structure is potentially poorer, 
owing to the omission of coordination or occupancy 
details of the Sb sites (in our case four out of seven 
sites). This analysis results in a word of caution: unusual 
schemes of bonding and bond-valence totals for Sb, as 
already pointed out by Moëlo et al. (2000), are not real 
coordinations; they are a result of an unresolved overlap 
of (at least) two split, partly occupied Sb positions 
inside the same coordination-polyhedron. Full resolu-
tion of all details of these overlapping coordinations 
may not be possible because of the statistical nature of 
their ligands. Before, and even after, any resolution into 
their components, these positions will deviate from the 
Sb trend in the plot of bond-distance hyperbolas and 
will give false bond-valence values. The same is true 
for the mixed (Sb, Pb) polyhedra.
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