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Storage of elemental sulphur (So) is a major challenge at 

various industrial sites, particuarly in northern Canada, the 
Middle East and the Caspian Sea region. Storage of So is a 
relatively recent occurrence and, therefore, very little research 
has been conducted on the geochemical processes that occur 
within commercial-scale So blocks. Since 1992, millions of 
tonnes of So have been stored annually in block form and a 
global So surplus is expected to continue in the foreseeable 
future beyond at least 2015. When exposed to environmental 
conditions, So oxidizes to produce H2SO4 resulting in water 
seeping from the base of the So blocks with pH typically 
between 0 and 1 with SO4 concentrations >15 g/L. In this 
study in situ gaseous N2, O2, and CO2 concentration profiles 
within a commercial-scale So block were used to identify 
locations and rates of H2SO4 production. An SF6 gas tracer 
experiment was performed to quantify in situ diffusion 
coefficients. Laboratory experiments were used to quantify the 
temperature controls on reaction rates and the importance of 
H2O vapor in So oxidation. It appears that >90% of acid 
production occurrs along fractures surfaces in the top 0.5 m of 
the So block where water is available. The supply of O2 for the 
reaction is provided largely by gaseous diffusion although the 
advection of atmospheric O2 into the block accounted for 
approximately 20% of the total O2 influx. The H2SO4 
production estimated from in situ gas profiles exceeded 
measured loadings of H2SO4 in the drainage water from the So 
block, consequently it was concluded that the mass of H2SO4 
stored within the block was increasing over time. This was 
supported by in situ measurements of relative humidity as low 
as 40%, which were attributed to high concentrations of 
H2SO4 (negative pH) and osmotic suction within the block. 
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Characterization of the spectral properties of sulfate 
deposits in terrestrial analog sites provides important 
information necessary for interpreting remote sensing data of 
sulfate-rich outcrops on Mars. Three recently analyzed sites 
provide examples of sulfate deposits related to those observed 
on Mars. The sites at Iron Mountain, CA, and Rio Tinto, 
Spain, contain many hydrated iron sulfate minerals in 
unusually acidic waters formed via drainage from sulfide 
mining. The south sulfur bank at Kilauea, HI, has gypsum and 
jarosite imbedded in a hydrated silica matrix formed via 
solfataric alteration of volcanic ash.  

We have investigated samples from each of these 
environments using a variety of lab techniques. Here we 
present results of the visible/near-infrared (VNIR) reflectance 
spectra that can be compared to CRISM and OMEGA 
hyperspectral image cubes of Mars, mid-IR reflectance and 
emission spectra that can be compared to TES and mini-TES 
spectra of Mars, Mössbauer spectra that can be compared with 
the mini-Mössbauer spectrometer on the MERs, and Raman 
spectra that are planned for ExoMars. VNIR spectra are shown 
in Figure 1 of samples from Kilauea, Iron Mountain and Rio 
Tinto that exhibit features due to jarosite (J), gypsum (G), 
copiapite (C) and opal (O). Spectral features near 0.9, 1.4, 
1.75-1.85, 1.9, 2.2-2.3 and 2.4-2.5 µm are used for 
identification of sulfate minerals in CRISM images. 

 
Figure 1: VNIR spectra of sulfate-bearing analog samples. 


