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INTRODUCTION

Franckeite belongs to a family of complex sulfide minerals
where substitution results in a range of complicated structures,
making them a fascinating topic of study from the mineralogic
perspective. Electron-sharing, particularly in some crystallo-
graphic orientations, causes most members of the family to be
semi-conducting, which makes them of interest to materials
scientists. Bulk structural parameters have been determined for
a number of them from X-ray diffraction (XRD) and transmis-
sion electron microscopy (TEM) but the averaging inherent with
macroscopic techniques may obscure local variations in struc-
ture and composition. The purpose of this study was to use
scanning probe microscopy, which has angstrom-scale resolu-
tion, to observe local atomic structure on cleaved surfaces of
one member of the sulfosalt family.

Franckeite has approximate composition: Pb4.6Ag0.2

Sn2.5Fe0.8Sb2S12.6 (Organova et al. 1980). It is semi-conducting
in the direction perpendicular to cleavage and is composed of
alternating pseudohexagonal (H) and pseudotetragonal (Q) lay-
ers, where H-layers have an A-centered subcell with b = 3.68 Å,
c = 6.32 Å, a = 91∞ and the Q-layers have an A-centered
pseudotetragonal subcell with b = 5.84 Å, c = 5.90 Å, a = 91∞
(Wang 1989). The layers are stacked HQHQ along a with a
periodicity of 17.3 Å but they are non-commensurate
(Makovicky and Hyde 1992). The misfit in the match of the Q
and H subcells induces a structure modulation along c. The
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ABSTRACT

Franckeite, approximately Pb4.6Ag0.2Sn2.5Fe0.8Sb2S12.6, consists of alternating pseudohexagonal (H)
and pseudotetragonal (Q) layers. Scanning tunneling microscopy (STM) and atomic force micros-
copy (AFM) of freshly cleaved franckeite, from San José, Bolivia, revealed the atomic structure of
the pseudohexagonal component. On AFM images, the expected pattern with b = 3.2 Å was ob-
served. STM revealed a ÷3 ¥ ÷3 superstructure, with b' = 6.3 Å, interpreted to be caused by tunnel-
ing effects. The pseudotetragonal layer was not identified in any images.

Layer modulation, which results from the non-commensurate fit of the alternating H and Q lay-
ers, was observed with both AFM and STM. Modulation waves are sinusoidal and regular and they
are always parallel. The calibrated modulation wavelengths averaged to 3.77, 4.10, 4.45, and 4.74
nm (with uncertainty £0.10 nm) corresponding to pseudotetragonal/pseudohexagonal (Q/H) matches
of 13/12, 14/13, 15/14, and 16/15, respectively. These correspond with observations made using
bulk analytical methods on individual members from the franckeite-cylindrite family but scanning
probe microscopy (SPM) was able to show that Q/H match varies on a local scale, with sharp do-
main boundaries. Domains can be on the order of 150 nm in width.

wavelength (l), or distance between the modulation highs, var-
ies as a function of chemical composition, especially as a func-
tion of the Pb2+/Sn2+ ratio (Makovicky and Hyde 1992).
Reported wavelengths vary from ~39 to ~47 Å corresponding
to a range of Q/H matches from 14Q/13H in bulk samples of
Pb-free franckeite to 16Q/15H for natural franckeite specimens
(Organova et al. 1980; Kissin and Owens 1986; Li et al. 1988;
Williams and Hyde 1988; Wang 1989; Wang and Kuo 1991).
Demonstration of the existence of local variation in wavelength,
thus in the match parameters, and determination of a relative
scale for a coherent domain size have not yet been possible
with classical mineralogical methods.

Scanning probe microscopy (SPM) uses the highly local
interactions between a sharp tip and the atoms of a surface to
create a two-dimensional map where the physical property that
the probe measures is represented as the third dimension. The
sample is moved with respect to the tip by a piezoelectric ele-
ment which can be scanned laterally and vertically in sub-ang-
strom increments allowing atomic-scale resolution. Details of
the technique, image interpretation, and applications to other
geological samples are presented in Eggleston (1994). Descouts
and Siegenthaler (1992) offer abundant examples of the appli-
cation of SPM techniques to a wide variety of surfaces. In scan-
ning tunneling microscopy (STM), the probe is a conductive
wire, which is brought close to a sample surface. A voltage
bias on the sample induces a measurable tunneling current to
flow between the tip and a conducting or semi-conducting sur-
face. Resulting images represent the spatial variation in elec-
tronic structure over the atomic array. In atomic force


