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abstraCt

Significant quantities of silver can be accommodated in galena as a coupled substitution with Ag 
+ Sb and/or Ag + Bi for 2 Pb atoms. The limitations of this solubility are quantified experimentally 
for the cubic (Fm3m) α-galena phase. Above 441.7 °C, the α-galena phase has complete solid solu-
tion across the Pb2S2-AgSbS2-AgBiS2 (galena-miargyrite-matildite) ternary. Dry sinter experiments 
at 400, 375, and 350 °C extend the known miscibility gap on the Pb2S2-AgSbS2 binary into ternary 
compositions. Phase equilibrium and miscibility gap data and self-consistent thermodynamic data 
for other high-temperature phases in this system combined with data for other sulfides and sulfosalts 
are used to constrain an asymmetric regular solution model for the α-galena phase (Pb2,AgSb,AgBi)
S2. Phase relations in this system suggest that simple retrograde re-equilibration during cooling can 
produce phase assemblages and textures commonly observed in Ag-bearing ore deposits. Bulk metal 
ratios of deposits in conjunction with the application of this thermodynamic model may be used to 
understand district Ag-distribution or as an exploration tool. 
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INtroduCtIoN

Galena is a commonly occurring mineral that is familiar to 
many geologists. As several phases will be discussed in this study, 
the well-known cubic structure (Fm3m) of galena will hereaf-
ter be referred to as α-galena or the “α-gn” phase. The phase 
α-galena is of particular economic interest due to its association 
with Ag, particularly in many important mineral deposits. 

Experimental evidence suggests that (1) the α-galena struc-
ture can accommodate significant quantities of Ag through a 
coupled substitution of Ag and Sb (and/or Bi) for 2 Pb atoms at 
temperatures of ore formation (240–380 °C) and (2) above 420 
°C, the galena stability field extends all the way to stoichiometric 
miargyrite (AgSbS2), which has a monoclinic crystal structure at 
low temperature, and to matildite (AgBiS2), which has a trigonal 
crystal structure at low temperature, (Van Hook 1960; Wernick 
1960; Craig 1967; Goodell 1975; Hoda and Chang 1975; Amcoff 
1976; Sharp and Buseck 1993; Lueth et al. 2000). To retain a 
charge and mass balance, we use four-atom end-members, which 
includes Pb2S2, twice the stoichiometric formula of galena. In this 
study, we focus on compositions in the galena (Pb2S2)-miargyrite 
(AgSbS2)-matildite (AgBiS2) ternary (hereafter referred to as 
the GMM ternary). Our goal was to calibrate the degree of solid 
solution in this system as a function of temperature and to derive 
a self-consistent thermodynamic model for phase relations in 
this system. 

The evolution of hydrothermal fluid is thought to play an 
important role in the formation of several major Ag ore deposits 
(Jambor 1968; Goodell and Petersen 1974; Petersen et al. 1977; 
Wu and Petersen 1977; Harris et al. 1981; Hackbarth and Petersen 
1984; Foord et al. 1988; Foord and Shawe 1989; Lueth et al. 
1990, 2000; Garza et al. 2001; Schardt et al. 2001; Simpson et 
al. 2001; Brathwaite and Faure 2002). For example, increasing 
Ag from core to rim in fahlore grains has been taken as evidence 
for fractionation of the ore-forming fluid in time and space during 
genesis of the ore deposit (Wu and Petersen 1977; Petersen et al. 
1977; Hackbarth and Petersen 1984; Lueth et al. 1990). Accord-
ing to the fluid fractionation model of Hackbarth and Petersen 
(1984), observed increases in Ag content of minerals away from 
the interpreted center of hydrothermal activity is a result of Cu 
being preferentially fractionated out of the ore-forming solution 
by fahlore, which in turn causes minerals higher in Ag to be 
deposited more distally and later. Observed correlation between 
Ag and Sb is attributed to similar fluid-fractionation processes. 
This hypothesis offers a reasonable explanation for later stage Ag 
enrichment in some ore minerals and some correlation between 
Ag and Sb concentrations.

Most Ag deposits contain considerable quantities of galena 
(PbS). Published data on Ag-producing ore deposits (based on 
Ag:Pb ratios from ore grades and total production) suggests that 
significant quantities and, in some cases, all of the Ag might be 
accounted for as an original component in the α-galena phase. 
Some of these important mining districts include the Wood River 
Pb-Ag deposits, Idaho (Hall and Czamanske 1972), the Darwin 
Pb-Ag-Zn deposit, California (Czamanske and Hall 1975), 
the Santa Eulalia mining district, Mexico (Lueth et al. 2000), 
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