Informing geobiology through GIS site suitability analysis: locating springs in mantle units of ophiolites "™
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Brief Abstract Springs sourced in the mantle units of ophiolites serve as windows to the deep
biosphere, and thus hold promise In elucidating survival strategies of extremophiles, and may also
Inform discourse on the origin of life on Earth. Spring locations associated with serpentinites have
traditionally been located using a variety of field techniques. The chemical properties of these springs
reflect a reducing subsurface environment reacting at low temperatures producing high pH, Ca?%*-rich
formation fluids with high dissolved hydrogen and methane. This study applies GIS site suitability
analysis to locate high pH springs in Coast Range Ophiolite serpentinites in Northern California.

Methods We used available geospatial data (e.g., geologic maps, elevation data, fault
locations, known spring locations, etc.) and ArcGIS software to predict new spring
localities. Important variables in the suitability model were: (a) bedrock geology (i.e.,
serpentinite/peridotite), (b) fault locations, (c) regional data for the location of
groundwater and (d) slope. After field work we integrated serpentinite contact
boundaries and serpentine endemic plants to the site suitablility analysis.
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Introduction and Geologic Setting Ophiolites (Fig. 1) are blocks of tectonically uplifted oceanic Sonoma ' N R
lithosphere; constituent rock units include marine lithostratigraphic sequences spanning marine Willow Creek Road (5 ol '
sediments to mantle peridotite. Springs sourced Iin the mantle units of ophiolites serve as windows to
the deep biosphere, analogous to the Lost City Hydrothermal Field vents (Kelley et al., 2005; Martin et o L
al., 2008). Ocean vent systems fed by serpentinization may be places where life originated (Sleep et al. F it
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2011). Agueous fluids reacting with peridotite generate secondary mineral assemblages dominated by R
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serpentine and distinctive formation waters with extremely high pH, elevated Ca?*, and high dissolved !
gas loads, observed both in the seabed (Kelley et al., 2005) and in continental settings; (Barnes et al.,
1972). The Coast Range Ophiolite (Fig. 2), located in N. CA, has ample surface outcrops of altered
peridotite (McLaughlin et al., 1998) and multiple regional examples of high pH, Ca%*-OH- water-bearing
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springs (Barnes et al., 1972). We used a suitability analysis focused exclusively on four CA counties to
predict spring localities for further study (Fig. 3).

Results GIS model results are shown in Fig. 4 a total area of 375,251.8 m? have been predicted by the
model. In areas which appear to have more of the required geological and environmental factors.

Figure 4: Suitability analysis was performed using the weighted sum ArcTool, which overlays raster data sets, multiplying
each by their given weight, and summing them together. Results show that surface water, bedrock geology, and geologic
features (i.e., faults) control spring location. Points labeled “Goff Field Sites” are referenced in Goff et al., (2011). .

Implications Site suitability analysis successfully predicts new spring localities for ongoing deep biosphere research, given simultaneous evaluation of (a) bedrock geology (i.e., unit
boundaries/contacts for peridotite, serpentinite), (b) fault locations, (c) groundwater, spring, and other surface water distribution data, and (d) landform slope data. These factors appear to be
controlling spring expression. Future directions include systematic survey of these agueous features, because they are windows to active, dislodged remnants of deep habitat from the ocean
crust, and provide exciting points of comparison for global scale geobiology of ultramafic rocks, helping to define extremophile adaptations to high pH, carbon-poor waters.
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