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INTRODUCTION

The minerals of the leadhillite group (Strunz and Nickel 
2001), susannite, macphersonite, and leadhillite, are trimorphs 
of Pb4SO4(CO3)2(OH)2. Susannite and leadhillite were discovered 
more than 150 years ago (Hintze 1930), while macphersonite, 
the rarest, is much more recent (Livingstone and Sarp 1984). 
Basically, their crystal structures [space group P3 for susan-
nite (Steele et al. 1999); Pcab for macphersonite (Steele et al. 
1998); P21/a for leadhillite (Giuseppetti et al. 1990)] consist of 
three kinds of layers: the A layer is composed of SO4 tetrahedra, 
the B layer of Pb polyhedra and OH ions, and the C layer by 
Pb polyhedra and CO3 groups. Steele et al. (1999) pointed out 
that the layers are arranged in the stacking sequence �ABC-
CBABCCB� parallel to (001) in leadhillite and macphersonite 
and to (0001) in susannite, and that the difference between the 
trimorphs is the relative orientation of the SO4 tetrahedra within 
the A layer. In addition these authors determined that the two C 
layers are equivalent to a slab of cerussite. 

One of the most interesting features of these minerals is the 
reversible phase transformation between leadhillite and susan-
nite (Mrose and Christian 1969). This structural transformation, 
occurring at about 80 °C, has been studied by means of infra-
red spectroscopy, thermal analysis, hot-stage microscopy, and 
powder diffraction (Russell et al. 1984; Milodowski and Morgan 
1984; Giuseppetti et al. 1990). The reversible character of the 

phase transformation clearly indicates that the structural differ-
ences between leadhillite and susannite are very small and the 
transformation probably displacive. However, Milodowski and 
Morgan (1984) showed that the susannite resulting from the 
heating of leadhillite is unstable and, just after cooling at 7 °C, 
it Þ rst converts into a metastable phase, which then reverts into 
leadhillite. The formation of the intermediate metastable phase 
was inferred by a peak at 35 °C in the DSC curve (Milodowski 
and Morgan 1984). 

In this light, we decided to study the temperature-dependent 
structural changes accompanying the phase transformation and to 
verify the close structural relationships between heated leadhillite 
and susannite. For this purpose a leadhillite crystal from the 
Chah Mileh mine, Anarak District, Esfahan Province, Iran (cat. 
nr. 45948/G, kindly supplied by the Museo di Storia Naturale, 
Università di Firenze), was studied by means of in situ single-
crystal X-ray diffraction in the temperature range 25�100 °C.

EXPERIMENTAL METHOD

A crystal (80 × 100 × 140 μm) of leadhillite was mounted on a Bruker P4 
single-crystal diffractometer (MoKα radiation) equipped with a heating device. 
The temperature of the heater was controlled with a chromel-alumel thermocouple 
(K-type) placed at the same position where the crystal was located. The tempera-
ture ß uctuations were less than ±1.5 °C throughout the temperature range. Unit-
cell parameters, determined by centering 25 reß ections (12 < θ < 15°) at room 
temperature, are: a = 9.104(2), b = 20.792(6), c = 11.577(3) Å, β = 90.50(2), V = 
2191.3(9) Å3. To analyze the structure of leadhillite at room temperature, intensity 
data were collected up to θ = 28° (Table 1). Subsequently, the temperature was 
raised to 32 °C with a heating rate of 1 K/min and the reß ections were centered 
again. The same procedure was then repeated at 35, 37, 40, 42, 45, 48, 50, 53, * E-mail: lbindi@geo.uniÞ .it
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ABSTRACT

To study the temperature-dependent structural changes accompanying the phase transformation 
leadhillite ↔ susannite and to verify the close structural relationships between heated leadhillite and 
susannite, a leadhillite crystal has been investigated by X-ray single-crystal diffraction methods within 
the temperature range 25�100 °C. The values of the unit-cell parameters were determined at 25, 32, 35, 
37, 40, 42, 45, 48, 50, 53, 56, 59, 62, 65, 68, 71, 75, 79, 82, 85, 90, 95, and 100 °C. After the heating 
experiment the crystal was cooled over the same temperature intervals and the unit-cell dimensions 
were determined again. The values measured with both increasing and decreasing temperature are in 
excellent agreement, indicating that no hysteresis occurs within the temperature range examined and 
that the phase transformation is completely reversible in character. Analysis of the components of the 
spontaneous strain shows only normal thermal expansion up to 50 °C and that the structural distor-
tions leading to the topology of the heated leadhillite take place in the temperature range 50�82 °C. 
Our study conÞ rms that the crystal structure of heated leadhillite is topologically identical to that of 
susannite and that the slight structural changes occurring during the phase transformation leadhillite 
↔ susannite are mainly restricted to the sulfate sheet. Changes in the orientation of sulfate tetrahedra 
and in the Pb-O coordination polyhedra occur in a continuous way within the temperature range in-
vestigated as indicated by the second-order character of the phase transition. In this way, the leadhillite 
structure gradually goes toward that of susannite without abrupt structural changes. 


