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aBstract

Recent experiments have shown that microporous gold can be obtained via the oxidative dealloying 
of Au(Ag)-tellurides such as calaverite (AuTe2), krennerite (Au3AgTe8), and sylvanite [(Au,Ag)2Te4] 
under mild hydrothermal conditions. The same Au textures have been found in natural gold-telluride 
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that natural microporous gold can form via the replacement of telluride minerals. This replacement 
may take place under hydrothermal conditions, e.g., during the late stage of the ore-depositing event, 
explaining the wide distribution of “mustard gold” in some deposits. At Aginskoe, the oxidation of 
Au-tellurides appears to have resulted only in local redistribution of Au and Te, because the associ-
ated oxidation of chalcopyrite scavenged the excess Te, inhibiting the crystallization of secondary Te 
minerals more than a few micrometers in size. Such cryptic mobility may explain the lack of reported 
secondary Te minerals in many Te-bearing deposits.
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introduction

Microporous gold, also known as “mustard gold” (Wilson 
1984), is a common product of the weathering of Au-Te ores 
(e.g., Ashanti Au deposit, Ghana, Bowell 1992; Kalgoorlie Au 
deposit, Western Australia, Wilson 1984). In some economic 
deposits, microporous gold can account for a large portion of 
the gold. For example, the Hercynian Dongping Au-Te Deposit 
(Hebei Province, People’s Republic of China) contains in excess 
of 70 tons of Au (Nie 1998), and Song et al. (1996) estimated that 
“secondary gold” accounts for 31–50% of gold at this deposit. 
Petersen et al. (1999) and Li and Makovicky (2001) showed that 
the microporous gold from Dongping results from the weathering 
of Au-(Ag) tellurides, in particular calaverite. In some grains, 
the porosity of the microporous gold from Dongping is open, but 
in others it is filled by various oxide phases, including goethite, 
Pb-Te-oxides, Fe-Te-oxides, Te oxides, or Mn-Pb-(Te) oxides 
(Li and Makovicky 2001).

The aims of this communication are to describe a new oc-
currence of microporous gold from the Aginskoe low sulfida-
tion epithermal deposit in Central Kamchatka (Russia), and 
to compare the textures of microporous gold from this natural 
occurrence with those obtained experimentally via the dealloy-
ing of Au(Ag)-tellurides (calaverite, sylvanite, and krennerite; 
Zhao et al. 2009, 2010, 2013; Xu et al. 2013). We describe the 
different modes of Au, Te, and Ag occurrence in the samples 

from Aginskoe, and for the first time we assess the role that 
hydrothermal fluids may play in the formation of microporous 
gold, as opposed to typical weathering processes.

anaLyticaL Methods and synthesis of 
MicroPorous goLd

The samples were imaged using a Quanta 450 FEG environmental secondary 
electron microscope (SEM) with energy-dispersive spectrometry (EDS) and a sili-
con drift detector (SDD); sample compositions were measured using a CAMECA 
SX51 electron microprobe, operated at 15 keV and 20 nA. For most analyses, the 
beam was defocused to 5 Rm diameter. Standards included Au (Au), Bi2Se3 (Se), 
PbS (Pb), Ag2Te (Ag, Te), Sb2S3 (Sb) CuFeS2 (Cu, Fe, S), and GaAs (As). Mill-
ing (Ga beam; 20–30 kV; currents ranging from 21 to 0.093 nA) and chemical 
X-ray mapping (20 kV) were done using a FEI Helios NanoLab focused ion beam 
FIB–SEM (FEI, Netherlands).

We prepared microporous gold by dealloying both synthetic (pure AuTe2; 
Sample 7-5) and natural calaverite (Sample 7-4; from the Golden Mile deposit 
in Kalgoorlie, Western Australia, South Australian Museum collection G29494; 
composition Au0.94Ag0.05Sb0.02Te2.00 according to Zhao et al. (2009). The synthetic 
calaverite was made following the procedure described by Deschênes et al. (2006).

These calaverite samples had grain sizes of <100 Rm for synthetic and 75–150 
Rm for natural samples. They were heated at 200 sC in a polytetrafluoroethylene-
lined stainless steel cell using either (1) a buffer solution of 0.48 m NaH2PO4·2H2O 
and 0.52 m H3PO4, resulting in a measured pH of 1.86 at 24.6 sC or (2) a buffer 
solution of 0.66 m H3BO3 and 0.47 m NaOH, resulting in a measured pH of 9.83 at 
21.3 sC. The reaction was conducted for 11 h, after which the cells were removed 
from the oven and cooled to room temperature with the use of fans.

Modes of goLd occurrence at the aginskoe dePosit

The Aginskoe deposit is a Late Miocene (6.9–7.1 My) Au-
Ag deposit belonging to the Central Kamchatka epithermal 
district (Andreeva et al. 2013; Takahashi et al. 2013). Samples 
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