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Abstract

 The fine scale mineralogy of two Sulfolobus and Acidianus harboring acid sulfate geothermal areas in Yellowstone National Park was investigated to determine the interrelationships between these microbial populations and the ambient mineralogy. The two geothermal areas are a highly altered solfatara in Rabbit Creek, Midway Geyser Basin and a less mature solfatara in Ragged Hills, Norris Geyser Basin. The fine scale mineralogy was determined using X-ray diffraction (XRD) in combination with scanning electron microscopy (SEM) equipped with energy dispersive spectroscopy (EDS). Cryogenic SEM was used to investigate in situ potential interactions between the mineralogy and microbial populations using both natural and cultured samples. Water chemistry of the natural springs was monitored over a one and a half year time span, and thermodynamic modeling was used to predict the equilibrium mineral assemblages. 

The mineralogy of the two sites was found to be significantly different. Abundant sulfide and sulfate minerals were present at the Ragged Hills site, while no sulfate minerals and only trace amounts of sulfides were present at Rabbit Creek. Both sites contained kaolinite, quartz, a variety of paracrystalline silica phases, amorphous aluminum hydroxides, and a various residual volcanic phases. Rabbit Creek also contained hematite and halloysite (Al2Si2O5(OH)4). Very little elemental sulfur was observed. The only place it was seen was in association with a peculiar spring at the Ragged Hills site.

The mineralogy observed at these sites was found to influence the populations of sulfur metabolizing, acidophilic, hyperthermophiles in several ways. The microbes from high temperature springs at these sites were found to attach to a variety of mineral surfaces, including quartz, alunite, sulfur and kaolinite. Microbes from these springs were also found to consume elemental sulfur. It was determined that the kaolinite and amorphous aluminum hydroxide present at both sites are capable of buffering the pH in the range acceptable to Sulfolobus and Acidianus. Observations indicate that elemental sulfur is potentially consumed by metabolic oxidation as rapidly as it forms.   

Relationships Between Microbes and Minerals

· Sources of energy

· Sources of nutrients

· Sinks for metabolic by-products

· Substrates for attachment

Sulfur Reactions Known to be Utilized by Metabolizing Sulfolobus Cells 

(From Amend and Shock, 2001)

S(s) + 1.5O2(aq) + H2O(l)   →  SO42- + 2H+

2S4O6 + 6 H2O(l) + 7O2(aq) →  8SO42-  + 12H+ 

H2S(aq) + 2O2(aq) →   SO42- + 2H+

To what extent do organic v. inorganic reactions compete for these components?

General  conclusions

·  Although recognized as acid-sulfate springs, these actually contain a significant chloride component; indicates deep circulation and water-dominated system
· These springs are typically assumed to be geochemically and physically stable.  In detail, there are daily and seasonal swings in pH of up to 3 log units, and temperatures for as much as 20oC.
· The Rabbit Creek system is "mature", and the mineralogy is dominantly varieties of silica (opals and quartz) and kaolinite.  There are few other dissolved components (e.g. alkalies, etc. in this system). The Ragged Hills (Norris Basin) system is less than two years old, has much higher total dissolved solutes, and has a mineralogy that includes  silica phases, kaolinite, and a variety of sulfates (e.g. alunite, gypsum, and other sulfate-hydrates).
· The water chemistry is buffered just at the saturation point for kaolinite-gibbsite equilibria (with Si activity set to unity), as well as saturation for sulfate minerals.  This keeps the water composition within the limits of tolerance for sustaining sulfolobus ;  i.e. precipitation of sulfate minerals keeps the sulfate levels low enough for sulfolobus to continue to use native S or hydrogen sulfide for energy and produce sulfate as a by-product.
· Laboratory culture experiments did not show growth of sulfolobus in natural waters. However, in culture media we did manage to grow sulfolobus in the lab.  Growth experiments  in the presence of quartz, alunite, kaolinite and native sulfur demonstrated attachment of sulfolobus to these mineral substrates.  In addition, sulfolobus colonies preferentially developed on native sulfur, and etch pits were developed on the sulfur with the same size and morphology as the sulfolobus cells suggesting that sulfur was a preferred source of energy in these experiments.
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Acid sulphate springs in the Norris Area
         Microbes attached to silica   

                                                                          substrates

Back-scattered micrograph of
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XRD diffractograms showing changes in mineralogy in different sampling sites in a single hot spring pool. 
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eH-pH diagram for Fe-S-O-H system
