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Introduction: Serpentinization produces highly
reduced, high pH waters that provide a potential sub-
surface microbial habitat, with typical characteristics
including appreciable dissolved hydrogen and me-
thane, little inorganic carbon, and limited electron ac-
ceptors. As these waters approach the oxygenated
surface biosphere, microbial biomes shift to include
members that can metabolize oxygen. As such, springs
that serve as a surface outlet for serpentinizing fluids
represent ecotones where these two distinct environ-
ments meet - an ecotone is defined as a distinct ecosys-
tem that shares characteristics with neighboring eco-
systems. It is also possible that surface-derived organic
carbon has a substantial impact on both subsurface and
surface components of these systems, varying with the
degree of surface vegetation and precipitation. Here,
we characterize several springs strongly influenced by
serpentinization in the Zambales ophiolite (the Philip-
pines), focusing on differences perhaps afforded by
fluid flow dynamics and surface input of organic mate-
rial. Field and laboratory measurements of fluids allow
us to define the geochemical environments that em-
body these ecosystems.

Serpentinizing fluids in the Zambales ophiolite
range from pH 9-11, and have low dissolved oxygen
(0.06-2 mg/L) and ORP in the source pools. Actively
flowing springs produce extensive travertine terraces,
and low flow systems produce calcite rafts/flakes. Also
present are mostly stagnant pools, with calcite “caps”
providing a redox gradient between surface and depth
in the pools. Variable flow rates produce variable sub-
surface-surface mixing capacity. Measurements of
dissolved gases reveal concentrations of H, and CHy
up to 0.49 mM, CO,; up to 2.5 mM, and trace amounts
of CO [1]. These Zambales sites also provide potential
for differing degrees of mixing/reaction with local me-
teoric water, local hydrothermal fluids, and adjacent
sedimentary rock units.

Recent work has reported the potential for microbi-
al habitats in the Zambales systems, as suggested by
the geochemistry of fluids collected from surface
springs. A possible model for available metabolic
niches includes hydrogen-oxidizing, methane cycling,
Fe- and S-utilizing, and nitrogen metabolisms [1],
which has so far been supported by assumed metabo-
lisms of taxa identified via 16S rRNA sequencing of
sediments and biofilms from these sites [2]. This mod-
el assumes an available carbon source - while dis-

solved inorganic carbon (DIC) concentrations are < 2
ppmC (essentially below the calibration limit of the
analysis), DOC was found to be between 0.3-0.8 ppmC
[1]. This latter could change substantially during heavy
rainfall, as the Philippines ophiolites are heavily vege-
tated (marking a major difference with many previous-
ly studied terrestrial serpentinizing systems).

Complicating our view of carbon availability is the
potential for mixing with atmospheric CO,, once the
fluids reach the surface environments (where they are
subsequently sampled). Here, we use carbon isotopic
signatures of biofilms and fluids recovered from sever-
al Zambales spring locales to investigate the degree of
surface-subsurface interaction in the pool fluids. These
data are reported in Cardace et al., 2015, however, a
synthesis of pool regime, fluid flow, and microbial
communities will be presented here. Rapidly flowing
pools are expected to maintain a carbon isotopic ratio
similar to that of the subsurface fluids, as ORP remain
low in surface samples. Conversely, open exchange
with the atmosphere in stagnant pools creates a gradi-
ent of oxygenated surface fluids and reduced bottom
fluids. The addition of organic carbon from entrapped
plant and animal material is also taken into account.

Together, these data paint a picture of the metabol-
ic and diversity landscape of surface and subsurface
ecosystems that are relevant when compared with other
terrestrial serpentinizing systems as analog sites for
astrobioogical consideration. Current interest in ser-
pentinization on Mars [3, 4] makes such analog inves-
tigations timely.
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