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Abstract
The detection and quantification of metal sulfides in host rocks by electrical measurements have 

been priorities for field and laboratory studies, motivated by mineral prospecting and fundamental 
interest in the mantle structure or core/mantle differentiation, among other reasons. Here, we reana-
lyze electrical data for a dunite host with added FeS or Fe-S-Ni (Saxena et al. 2021), and report ad-
ditional experimental runs along with electron microprobe analyses. The applied pressure was 2 GPa; 
impedance spectra were acquired while annealing at 1023 K (below the metal-sulfide solidus), and 
while varying temperature from 570 to 1650 K. Addition of 6.5 or 18 vol% FeS strongly enhances 
conductivity of the bulk sample compared with that of the dunite host, though values are 100–100 000 
times less than those of pure FeS. These results indicate that most metal sulfide content is not part of 
a viable conductive path, even for the 18 vol% quantity. Nevertheless, the relatively high conductiv-
ity and weak temperature dependence of the 18 vol% sample reveal that contiguous paths of solid 
or molten FeS span the electrodes. The sample with 6.5 vol% sulfide also exceeds the percolation 
threshold for temperatures as low as ~100 K below the eutectic melting point, likely because FeS 
softens. Conductivity is nearly unchanged upon crossing the eutectic temperature, however a decline 
over 1400–1500 K reveals that the 6.5 vol% molten FeS forms a fragile electrical network in dunite. 
Samples with Fe50S40Ni10 or Fe40S40Ni20 (at%) are less conductive than pure dunite at temperatures 
below ~1450 K. This surprising result, likely caused by a reducing influence of Fe or Ni metal, does 
not support the use of FeS as an analog for compositions with nickel or excess metal. Our findings sug-
gest that probing the electrical network of metal sulfides as solids complements other studies focused 
on connectivity of molten metal sulfides.
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Introduction
The study of metal sulfide networks in host rocks relates to 

numerous aspects of Earth and planetary science, ranging from 
planetary differentiation (Minarik 2003; Yoshino et al. 2003, 
2004; Terasaki et al. 2005, 2008; Bagdassarov et al. 2009a, 
2009b; Watson and Roberts 2011; Walte et al. 2011; Solferino 
et al. 2020), to high-conductivity anomalies in cratonic envi-
ronments (Evans et al. 2011; Saxena et al. 2021 and references 
therein), to economic geology (Fontboté et al. 2017; Barnes et 
al. 2017). A longstanding challenge in the field has been to cor-
relate the type and quantity of metal sulfide in host rocks with 
electrical properties (e.g., Rogers 1966; Revil et al. 2022; Zh-
danov et al. 2018). Given great differences in resistivity between 
metal sulfides and typical silicate hosts, the distribution of the 
conductive phase (e.g., as isolated grains vs. dendrites) has a 
strong impact on the electrical properties (Parkhomenko 1967). 
Additionally, the sulfides themselves can span a large range of 
conductivity values, even for minerals of the same classification 

(Parkhomenko 1967; Pearce et al. 2006). Despite these sources of 
complexity, various reports have presented correlations between 
sulfide content and conductivity, and certain threshold quanti-
ties have been highlighted. For example, Anderson (1960), in 
a relatively early report of a field study, described that sulfide 
minerals in excess of 5 wt% formed a connected network within 
a peridotite host, thereby dramatically decreasing bulk resistivity. 
Parkhomenko (1967) highlighted that 3–10 wt% Cu, Ni-bearing 
sulfides, or 5% pyrrhotite, made certain rocks highly conduc-
tive. Similarly, 7 wt% was identified by Nelson and Van Voorhis 
(1983) as a threshold for the largest change in resistivity based 
on induced polarization measurements of sulfides in various rock 
types. The reason for similar threshold values in the preceding 
examples is unclear.

In laboratory studies of metal sulfides in a silicate matrix, 
Yoshino et al. (2003, 2004) reported the first electrical mea-
surements under pressure (1 or 3 GPa) and as a function of 
temperature. Upon heating samples of olivine or peridotite with 
3–13 vol% FeS or Fe64S36 (at%), electrical conductivities much 
greater than those of the host were recorded for samples with 
iron sulfide concentrations ≥6 vol%. The elevated conductivity 
levels persisted over annealing periods as long as 3 days, at 
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