I. The Project Intro (Home page) 

a. theme:  We know of only two ultimate energy sources on Earth: sunlight energy that fuels photosynthesis and geothermal energy that fuels water-rock interactions.  The focus of SB3 is to add to and further investigate the growing evidence that a substantial subseafloor biosphere may extend throughout the immense volume of aging, sediment-buried crust underlying the global system of mid-ocean ridge (MOR) flanks and ocean basins. We aim to collect clean samples of crustal fluids for geochemical, microbiological and ecological characterization. Because water-rock reactions and associated microbial habitats vary with crustal temperature and age, we will compare geochemistry and molecular diversity in crustal fluids from several subseafloor environments, focusing, however, on the Juan de Fuca Ridge Flanks.
b. Site description overview/map: Low temperature hydrothermal ocean fluids (<100oC), circulate everywhere within the porous and permeable volcanic rocks of the upper ocean basement [Note: ocean crust consists of both basement rocks and over-lying sediments], providing temperatures and chemical gradients that form plausible habitats for a variety of microbial communities. Since most MOR flank and ocean basin basement is buried under thick, impermeable layers of sediment, the fluids circulating within the underlying ocean basement are usually inaccessible for direct studies. CORK (Circulation Obviation Retrofit Kit) observatories affixed to Ocean Drilling Program (ODP) boreholes offer an unprecedented opportunity to study biogeochemical properties and microbial diversity in circulating fluids from aging ocean basement. The eastern flank of the JFR is arguably the best studied ridge flank, including pre-drilling reconnaissance surveys, ODP drilling legs, and numerous post-drilling expeditions. Because of its proximity to the tectonically active N. American margin, the eastern flank of the JFR is largely buried under turbidite sediments to within tens of km of the ridge axis.  These sediments create a hydrological seal over the basement, inhibiting advective exchange between the basement and overlying ocean and causing the basement temperature to increase, enhancing the rate of water-rock reactions (basement alteration).
II. The team (Personnel page)

a. Jim Cowen

b. Brian Glazer: I am a professor at the University of Hawaii, Oceanography Department, Marine Geology and Geochemistry Division. I am a co-Principal Investigator of this project, focusing on instrumentation development and subseafloor geomicrobiology. From my perspective, the big question driving the science is, “What is the synergy between geochemical processes and microbial community and metabolic diversity in the subseafloor?”.  Biogeochemical studies of colonization and substrate utilization at and below the ocean crust-water interface are a high priority across many disciplines, as nearly two-thirds of the Earth’s solid surface is oceanic crust and microbial activity that may be deriving energy from hydration and oxidation of basalt could represent between 5 and 50% of the biomass on Earth. Subsurface biosphere communities are thought to be released into the ocean water column through active venting, providing a food source for higher trophic levels.  Fundamental water-rock interactions (oxidation of Fe(II), Mn(II), methane, organic carbon, or sulfur species as well as deeper, reductive reactions) in the crust offer a geochemical analogue of an environment that may have been typical or predominant during the early earth, and therefore important in terms of evolutionary history. Interactions between the physical, chemical and biological environments select for microbial community and metabolic structuring.  Therefore, it is a forefront priority to not just accurately measure chemical components, but also to assess geochemical processes and apply knowledge of the microbial consortia to these, calling for diverse techniques and methodological developments.  I also aim to minimize sampling artifacts for measuring many (micro)biologically important chemical species through further development of in situ environmental sampling techniques.  These broad goals demand a variety of interdisciplinary work, spanning aspects of engineering, analytical chemistry, fundamental geochemistry, and microbial.  My group will be focusing on making in situ and traditional geochemical measurements in collaboration with Jim, as well as closely collaborating with Mike to help characterize metabolic capabilities of any microbial isolates that are obtained.  We will also be matching theoretical energetic calculations that Jan will be spearheading to in situ measurements and oxidation rate experiments.
c. Mike Rappe

d. Jan Amend

III. Geology & hydrology (Background page)

a. Plate tectonics - global/geologic scales

b. Axial summit caldera – gee-whiz imagination capture

c. Off-axis sediment-buried basement – the next frontier

IV. Chemistry (Background page)

a. Fluid enrichments & depletions: Basement fluids become increasingly altered with distance from the ridge axis and with increasing temperature of the sediment-covered basement (~16 to >60oC). Strong depletion in Mg2+, enrichment in Si, Ca2+ and Sr2+, and a basaltic Sr isotopic signature indicate that the fluids have reacted extensively with hot basement rock. Depleted SO42- and elevated NH4+ suggest microbial sulfate reduction and possibly NO3- and NO2- reduction, but diffusive flux to/from overlaying sediments must also be considered.
b. Redox chemistry: The synergy between redox reactions and the organisms living in proximity to them demands an interdisciplinary approach to research, but few studies have attempted to combine geochemical and biological characterizations at similar resolutions using equally advanced techniques. We will study the microbial community and metabolic diversity in close conjunction with geochemical processes.
c. Global geochemical cycling: 

V. Microbiology (Background page)

a. Energetics & limitations

b. Colonization & community diversity

c. Metabolic diversity

VI. Technology (Technology page)

a. Ships and Deep Submergence Vehicles

i. Oceanographic vessels

ii. DSV Alvin

iii. DSV Jason

b. Sampling tools

i. Hydrocast packages – CTD & rosette

ii. Discrete samplers – Osmos, Ti Majors, Syringes, Filtration pumps,

iii. CORK-II Borehole Observatories

c. Technical measurements & analyses

i. Geohysical 

1. In situ – T & P

2. Ex situ - mineralogy

ii. Chemical

1. In situ – ISEA: In situ measurements are necessary to understand dynamic environments where chemical speciation can change within seconds, or millimeters as a result of chemical, biological, or physical processes.  Recent developments of currently underutilized in situ electrochemical analyzers have drastically reduced sampling artifacts, increasing measurement sensitivity and decreasing induced changes in sample chemical speciation for a variety of environments. Continued development of these analytical tools is of great significance to a number of fields within and outside of the ocean sciences. At the heart of the in situ voltammetric measurements is the In Situ Electrochemical Analyzer ISEATM (AIS, Inc.). A titanium pressure case houses the analyzer consisting of a potentiostat, a 4-electrode multiplexer, and an internal computer. The pressure case can be mounted on a submersible science basket or independent elevator package like the GeoMICROBE.  Real-time communication with the ISEA from the submersible is made possible via direct connection with the submersible, or in the case of the GeoMICROBE, mediated through a Rabbit Power and Communication Control Center. Waterproof bulkhead connectors (Subconn, Inc.) allow cabled connection to 9-24VDC power sources and RS-232 communication, 4 voltammetric working electrodes and one counter and reference electrode. For CORK sampling applications, we have housed working electrodes in a flow cell that is plumbed inline with the CORK Fluid Delivery System.  In other projects, we have deployed our electrodes using a variety of sensor wands and submersible micromanipulators. A key benefit to using voltammetric (micro)electrodes is the capability for collecting real-time, simultaneous measurements of dissolved O2, H2S, Mn(II), Fe(II), S2O32-, S4O62-, Sx2-, S(0) and aqueous species of Fe(III) and FeS, as recently observed in other systems.  Each redox species, if present at detectable levels, produces a current peak that can be discriminated from others in one potential scan from –0.1 V to –2.0 V (analogous to varying wavelength and measuring absorbance with spectroscopy).  
2. Ex situ – highlight CHNP, metals, isotopes

iii. Microbiological

1. microscopy

2. culture-independent molecular

3. high-throughput culturing

VII. Education & Outreach (EPO Page)

a. Coconut telegraph – teacher “database”, forum for current pubs, refs, & events

b. Curricula, coursework, classroom activities (K-12)

c. Swag - Downloadable brochures, calendars, RSS, handouts, lectures, videos, podcasts, stickers, coffee mugs, dog sweaters, whatevah…

