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Relationships between microstructure and composition in enargite and luzonite
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ABSTRACT

Cu3(As,Sb)S4 minerals commonly contain structurally disordered crystals of intergrown
enargite and the luzonite-famatinite series (Pósfai and Sundberg 1998). Here we discuss
the relationships between the fine-scale structural variations and the Sb/As ratios of these
minerals. Although luzonite typically contains more Sb than enargite, individual layers of
luzonite within Sb-bearing enargite are not associated with higher Sb/As ratios. Defect-
free enargite can also contain Sb. We develop a ‘‘structure-composition’’ diagram in which
both the structural enargite-luzonite and the compositional luzonite-famatinite solid solu-
tions can be represented. Compositions plotted in this diagram reveal that Sb-bearing en-
argite and luzonite contain only a relatively small number of defects, whereas Sb-free
crystals can be heavily disordered. Coexisting enargite and famatinite and zoning in lu-
zonite-famatinite indicate fluctuations in the Sb-content of the fluid during ore deposition.
On the other hand, assemblages of Sb-free enargite and luzonite probably reflect thermal
oscillations; heavily disordered, intermediate structures may have formed near the transi-
tion temperature of low-temperature luzonite to high-temperature enargite. Our results sug-
gest that characteristic microstructures in enargite, luzonite, and famatinite can be useful
for constraining fluid composition and temperature during ore deposition.

INTRODUCTION

In a companion study (Pósfai and Sundberg 1998) we
show that enargite and luzonite are intergrown on the
atomic scale. Some crystals are defect-free, whereas oth-
ers contain disordered stacking sequences of close-packed
layers. The correlation, if any, between the fine-scale
structures and compositional variations is not known. Be-
cause such features also occur in other mineral groups,
the problem is of general interest.

Minerals with compositions of Cu3(As,Sb)S4 include
enargite, luzonite, and famatinite. Enargite has an ortho-
rhombic, hexagonal close-packed (hcp) structure, whereas
luzonite and famatinite are the two end-members of the
tetragonal, cubic close-packed (ccp) solid-solution series
between Cu3AsS4 and Cu3SbS4, respectively (Fleischer
and Mandarino 1995). Because enargite and luzonite dif-
fer only in the stacking sequence of structurally and com-
positionally identical layers, they can be regarded as
polytypes.

Wet chemical and microprobe analyses of
Cu3(As,Sb)S4 minerals (Gaines 1957; Lévy 1967; Spring-
er 1969; Sugaki et al. 1976) show that a continuous solid-
solution series exists between luzonite (Cu3AsS4) and fa-
matinite (Cu3SbS4). When enargite and luzonite coexist,
the latter generally contains more Sb; for enargite, the
most Sb-rich composition was found to be Cu3As0.8Sb0.2S4

(Gaines 1957; Springer 1969).
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Phase relationships between enargite and the luzonite-
famatinite series above 350 8C were established by stud-
ies of the Cu-As-S (Skinner 1960; Maske and Skinner
1971), Cu-Sb-S (Skinner et al. 1972), and Cu-As-Sb-S
(Feiss 1974; Luce et al. 1977; Kanazawa 1984; Sugaki et
al. 1982) systems; however, phase relations below ;350
8C remain largely unknown. Luce et al. (1977) and Su-
gaki et al. (1982) emphasized the difficulties of obtaining
structurally and chemically homogeneous phases below
400 8C. According to Skinner (1960), luzonite is the low-
temperature form of Cu3AsS4; the inversion temperature
is estimated to lie between 280 and 300 8C (Maske and
Skinner 1971) (Fig. 1). These studies indicate that above
;280 8C and on the micrometer scale (as determined by
optical microscopy) the formation of either enargite or
luzonite-famatinite is determined by the Sb/As ratio of
the fluid (Fig. 1). It is not clear, however, whether the Sb
content controls the formation of disordered crystals that
are structurally intermediate between enargite and the lu-
zonite-famatinite series (Pósfai and Sundberg 1998).

The use of high-resolution transmission electron mi-
croscopy (HRTEM) in combination with selected-area
electron diffraction (SAED) and energy-dispersive X-ray
spectrometry (EDS) offers an opportunity to study struc-
tural and compositional features in enargite and luzonite
at a much finer scale than was possible with other meth-
ods. We studied interfaces at high resolution and deter-
mined the average structures and compositions of disor-
dered crystals; by doing this, we wished to establish a
link between results that can be obtained at the different


