Low-Temperature Weathering of Hydrothermal Chimney Sulfide Minerals at Juan de Fuca Ridge
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Diverse microbial communities identified at mid-ocean ridge flanks appear to participate in geochemical processes, such as sulfide weathering.  Here we present a study to identify the products of weathering of hydrothermal chimney sulfides at low-temperature at Juan de Fuca Ridge.  For these experiments, chimney sulfides were incubated in situ for two months, then collected for mineralogical and microbiological analysis.  Previous work on these samples shows that abundant Fe-oxides (2-line ferrihydrite) accumulate during weathering and are correlated with dense cell aggregates at the mineral surface.  In addition, a diverse collection of Fe-oxidizing bacteria were cultured from these and other similar samples incubated or collected in the vicinity of these experiments.  In this study, we used focused X-ray absorption spectroscopic (XAS) and X-ray diffraction (XRD) techniques along with transmission electron microscopy (TEM) to examine samples at nm- to mm-spatial scales.  Samples were prepared as thin-sections in cross-section, and micro-X-ray fluorescence (XRF) elemental maps were collected.  At chemically discrete regions of the sample, Fe, Cu, and Zn K-edge extended X-ray absorption fine structure (EXAFS) and S K-edge X-ray absorption near edge structure (XANES) spectroscopic data was collected.  X-ray diffraction patterns and TEM were also collected from the same Fe-rich accumulations.  The present study is unique in its use of m-scale XAS and XRD techniques along with electron microscopy to examine the same spatially discrete areas of Fe-rich weathering products formed in situ during a known time period.  
