Supplementary Information

Experimental procedure

A total mass around 2 g  of elemental Cu (powder, 10 micron, 99.9%), Sb (shot, 99.999%), S (pieces, 99.999%) from Alfa Aesar were weighed by stoichiometry of Cu12Sb4S13 and loaded into a tungsten carbide vial with tungsten carbide balls. Subsequently, the raw natural mineral[ref] with composition of Cu9.7Zn1.9Fe0.4As4S13 as determined by Energy Dispersive Spectroscopy (EDS) was weighed with the mass ratio of 3:1 and 1:1 (compared to the mass of mixture of the elements described above), ground into a powder using mortar and pestle, and then loaded into the same vial.  The vial was sealed under argon and then placed into a SPEX 8000M (SPEX SamplePrep) ball mill for high energy ball milling . Milling times of one, three, and six hours were performed to investigate the effect of milling time on the phase formation and grain size. The product powders were hot pressed in high density graphite dies with 10mm diameter at 723K and 80MPa pressure for 30 minutes, in an argon- filled glove box, followed by free cooling to ambient temperature in 3 hours.  The final products were then cut using a diamond saw into two samples of different geometry: a) a bar of dimension 3cmx3cmx8cm, for electronic transport measurements, and b) a disk of diameter 10mm diameter disk and thickness of 1.5 mm, for thermal diffusivity measurement.

X-ray diffraction analysis was performed by using a Rigaku Miniflex II bench-top X-ray diffractometer to analyze the phase purity and crystal structure of all samples and Rietveld analysis was conducted using the Jade software package. A JEOL 7500F associated with Oxford EDS was used to determine the morphology and homogeneity of these samples. Figure S1 shows the results of these EDS measurements for the 50% elements/50 % natural mineral sample with 6 hour ball milling time. They show that all of the major elements are homogenously distributed in the sample without any sign of segregation.

Seebeck and resistivity measurements were performed in an Ulvac ZEM-3 system under helium atmosphere from room temperature to 723K. The thermal conductivity was calculated using κ=D*Cp*density, in which D (diffusivity), Cp (heat capacity) and density were  measured using the laser flash method, Differential scanning calorimetry (DSC) and the Archimedes method, respectively. Details of these measurements can be found in ref. [S1]. We estimate ±10% error in our zT values, which are reflected by the error bars in the plots.
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Figure caption

Figure S1.
The atomic distribution maps for the 50%-6h specimen, as determined by Electron Dispersive X-ray (EDX) analysis, for S, Cu, As, Sb, and Zn, respectively .
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