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ABSTRACT
Sulphur River in Parker Cave, Kentucky receives sulfurous water (11–21 mg sulfide/L)
from the Phantom Waterfall and contains a microbial mat composed of white filaments.
We extend a previous morphological survey with a molecular phylogenetic analysis of the
bacteria of the microbial mat. This approach employs DNA sequence comparisons of small
subunit ribosomal RNA (SSU rRNA) genes obtained from the mat with those from an
extensive database of rRNA sequences. Many of SSU rRNA gene clones obtained from
the mat are most similar to rRNA sequences from sulfur-oxidizing bacteria (Thiothrix spp.,
Thiomicrospira denitrificans, and ‘‘Candidatus Thiobacillus baregensis’’). The Sulphur
River SSU rRNA gene clones also show specific affiliations with clones from environmental surveys of bacteria from deep-sea hydrothermal vent communities and subsurface
microcosms. Affiliations with sequences from bacteria that are known to have the ability
to obtain energy for CO2 fixation from the oxidation of inorganic compounds (chemoautotrophs), in combination with the environmental conditions surrounding the microbial mat,
indicate that chemoautotrophic metabolism of bacteria in this mat may contribute to the
biomass of Sulphur River. Cave communities, such as the one identified in Sulphur River,
provide sites to study such relatively autonomous chemoautotrophic communities that are
much more accessible than similar communities associated with deep-sea hydrothermal
vents. Subsurface microbiology and the contribution of microbial activity on cave development are also discussed.

INTRODUCTION
Thomas Gold (1992) speculated that a vast ‘‘deep, hot
biosphere’’ exists in the crust of the Earth based on the
widespread presence of biomolecules in sedimentary
rocks, calculations of bacterial transport in downward
moving fluids, and the amount of pore space available in
rocks. He further suggested that there may be as much
microbial biomass below the surface of the Earth as there
is above ground in the form of macroscopic and microscopic life. Recent findings of microorganisms in sedimentary rocks (Colwell et al. 1997) and in igneous formations (basalt: Stevens and McKinley 1995; granite:
Pedersen 1997) have helped to substantiate the existence
of a deep, subsurface biosphere. Abundant populations of
bacteria also have been found deep below the surface of
the ocean, associated with hydrothermal vents (Prieur
1997). Deming and Baross (1993) suggest that ‘‘smok* E-mail: dnorthup@unm.edu
0003–004X/98/1112–1583$05.00

ers’’ at the site of vent emissions may serve as windows
into the subsurface biosphere. Studies of these communities will help us to understand the full scope of the
microbial world. On the other hand, caves, which may
extend hundreds of meters below the surface of the Earth,
can provide a more accessible window into the subsurface
world, through which we can learn how microorganisms
utilize the chemical energy sources within the crust of the
Earth and how they may participate in the dissolution and
precipitation of rock.
Some caves, known as hypogenic caves, are formed by
the oxidation of hydrogen sulfide to sulfuric acid, which
dissolves away limestone replacing it with gypsum that
is later removed by solution (Egemeier 1981). The oxidation of the hydrogen sulfide to form hypogenic caves
has been regarded as a purely inorganic process (Palmer
1991). The discovery of the deep-sea hydrothermal vent
communities, in which some microorganisms are able to
fix inorganic carbon and utilize sulfide as an energy
source (for review see Prieur 1997), raised the possibility
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