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Sulfide partial melting and chalcopyrite disease: An experimental study
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Abstract
Speckling of sphalerite with micrometer-sized blebs of chalcopyrite is usually referred to as “chalcopyrite disease.” Fe-rich sphalerites are particularly prone to chalcopyrite disease. Considering the
low degree of solid solution between sphalerite and chalcopyrite, exsolution is discarded as a process
to explain the development of chalcopyrite disease. Diffusion-controlled replacement of Fe by Cu,
and sphalerite-chalcopyrite co-precipitation are invoked as the most probable mechanisms. Although
metamorphism is expected to dispel inhomogeneities through recrystallization, chalcopyrite disease
interestingly appears unaffected and to be quite common in metamorphosed sulfide ores. We have
conducted experiments on different bulk compositions in the system ZnS-PbS-FeS-Cu2S-As2S3 at
600 °C and annealed the run products containing melt at 350 °C to evaluate the role of sulfide partial
melting, if any, in the development of chalcopyrite disease. The results indicate that chalcopyrite blebs
developed only in those sphalerites that contained Fe and in which S atoms were in excess over Fe +
Zn atoms. Also it was observed that the occurrence of Fe-bearing sphalerite and the sulfide partial melt
(that invariably was S-deficient and Cu-enriched) in direct contact with each other was necessary for
the chalcopyrite blebs to form. We propose nonstoichiometry-driven diffusion of Cu as the mechanism
and sulfide partial melting as the principal causative factor behind the development of chalcopyrite
disease in sphalerite. Chalcopyrite disease thus may be used as an easily identifiable potential indicator
of sulfide partial melting in metamorphosed base metal sulfide deposits.
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Introduction
Chalcopyrite disease is a texture that is locally found in
sphalerite in which unevenly distributed, variably sized blebs of
chalcopyrite occur throughout a grain of sphalerite (Fig. 1). The
term “chalcopyrite disease” was first introduced by Barton (1978)
while describing the sphalerite textures from the Furutobe Mine,
Akita Prefecture, Japan. On the basis of size of the chalcopyrite
blebs and their distribution patterns Barton and Bethke (1987)
further categorized the disease textures as watermelon, dusting,
and bimodal types. The chalcopyrite disease texture is commonly
observed in natural ores from various types of deposits such as
Zn- and Cu-bearing hydrothermal veins, volcanogenic massive
sulfide deposits, and metamorphosed massive sulfide deposits
(Barton and Skinner 1967). The origin of the chalcopyrite disease
texture in sphalerite has been a topic of debate for several years.
Unmixing of chalcopyrite from a high-temperature sphalerite
solid solution has been discarded on the basis of results of several experimental studies in the Cu-Fe-Zn-S system (Wiggins
and Craig 1980; Hutchison and Scott 1981; Kojima and Sugaki
1984, 1985) showing that the solubility of Cu in sphalerite is
disproportionately low compared to the amount of chalcopyrite
observed in the diseased sphalerites. Bulk compositions of most
of the diseased natural sphalerites fall outside the Cu-solubility
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range even at 800 °C, when plotted in the CuS-FeS-ZnS system
and suggest that exsolution is unlikely to produce chalcopyrite
blebs from sphalerite (Sugaki et al. 1987; Barton and Bethke
1987). The replacement of Fe by Cu in Fe-rich sphalerites has
been alternatively proposed to have produced chalcopyrite disease
(Barton 1978; Barton and Bethke 1987), which is supported by
the experimental reproduction of chalcopyrite disease by reacting
Fe-bearing natural sphalerites with Cu-bearing fluids (Kojima
and Sugaki 1987; Eldridge et al. 1988). In these experiments, no
chalcopyrite disease developed in the Fe-poor natural sphalerites.
Other mechanisms proposed for the generation of chalcopyrite
disease include selective dissolution of Fe-rich sphalerite and
addition of Cu or both Cu and Fe from fluid sources (Bortnikov
et al. 1991) and sphalerite-chalcopyrite co-precipitation (Kojima
1990; Kojima et al. 1995). The latter workers were successful in
experimentally reproducing chalcopyrite disease in both Fe-poor
and Fe-rich synthetic sphalerites. However, detailed solid-state
experiments at different temperatures (400–750 °C) for variable
durations, using both Fe-poor and Fe-rich sphalerites and different
Cu-sulfide sources (Bente and Doering 1993, 1995), demonstrate
that disease textures develop only in Fe-rich sphalerites.
The presence of chalcopyrite disease in sphalerites from metamorphosed massive sulfide deposits is also a common observation.
Sometimes the chalcopyrite-sphalerite intergrowth is so intense
that it is difficult to distinguish whether sphalerite is diseased
with chalcopyrite or it is the other way around (e.g., see Fig. 1b).
Such intense intergrowth is definitely not a result of exsolution,
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