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Introduction: The numerous ways that microor-

ganisms interact with rock and mineral environments 
in Earth’s subsurface are most easily seen in the vast 
array of natural caves and artificially created mines 
that dot every landmass on the planet.  Since the early 
1990's, our team has been intensively studying biologi-
cally influenced or created speleothems (biothems) and 
microbial breakdown products (speleosols) as biosig-
natures in a wide variety of different types of cave and 
mine environments, e.g. [1], [2], [3], [4], [5], [6], [7], 
and [8].  These include sulfuric acid carbonate caves, 
Fe/Mn biogenic cave soil deposits (speleosols), lava-
tubes, silica-dominated granite caves, gigantic gypsum 
caves at high and low temperature, carbonate caves 
with a wide variety of unusual biothems, and copper 
sulfide systems.  We have focused on many of the par-
ticularities of these systems that depend upon the de-
tails of the geochemical and geological settings.  How-
ever, in spite of great differences in chemistry, tem-
perature, pH, lithology, and other properties, a set of 
important unifying properties are emerging broadly 
across the spectrum of variability of subsurface envi-
ronments [9].  Such unifying themes can enable predic-
tion of various properties, processes, and other system 
behaviors in subsurface systems of unknown chemis-
try.  Such predictive power may also have utility in 
anticipating various properties, processes, and system 
behaviors in subsurface systems of unknown worlds. 

Microbial effects on cavity formation and rela-
tive biomass density:. It is critical to recognize that in 
terrestrial subsurface systems, the lithology is the mas-
ter controller of biological environments, but in turn, 
the geochemistry can be greatly affected by the biol-
ogy [9].  It is equally critical to realize that microor-
ganisms occur in a vast diversity in the overall rock 
fracture habitat of Earth’s crust, not just in caves and 
mines where we may study them the most easily [10], 
[11].  Thus, there is a huge microbiological potential 
that already exists in the rock itself prior to the initia-
tion of cavity formation (speleogenesis).  Microorgan-
isms may well be involved in the geological process of 
cavity formation itself, but a quantitative understand-
ing of this process is elusive as yet.  In the extraterres-
trial situation, such a preferential concentration of or-
ganisms in the niche-enhanced spaces of a cave may 
also be the case. Such a concentration of microbial 
activity or traces of former life may compare favorably 

as a mission target to the anticipated density of organ-
isms simply trapped in sediment, for example sedimen-
tation in an evaporite basin. We have suggested that 
subsurface organisms might even emerge to the sur-
face, at least temporarily, as a consequence of cata-
strophic events by external forces like impactors [12], 
based on earlier published notions [13], [14]. 

Diversity of geochemisty but ubiquity of biologi-
cal response and function:. Sulfates and sulfides, iron 
and manganese, carbonates, copper minerals, or silica, 
may dominate the geochemistry and lithology of a site, 
but a suite of similar ecological themes with spe-
leological consequences can be seen at work in each.  
Figure 1 shows a few examples of colorful products of 
microbial action in a variety of different cave geo-
chemistries.  

 

 
Figure 1: Clockwise from upper left.  Moonmilk, a 
carbonate microbial filament product in limestone 
caves (Spider Cave, NM); iron oxide rich biofilm in a 
cold moist cave (Coldwater Cave, MN); Shining silver 
microbial/mineral colonies on lavatube wall (Four 
Windows Lavatube, El Malpais Nat. Mon., NM); 2 
SEMs of star shaped Mn oxides in association with 
organisms and "birds nest" microbial colonies in car-
bonate precipitate; biofilm-rich, ultra low pH (3 to 0) 
snottites (Cueva de Villa Luz, Tabasco, MX).  Images 
courtesy of Kenneth Ingham and Dave Jagnow, SEMS 
by M.N. Spilde et al.  
 

There are significant similarities in the interaction 
of biofilms, organisms, and geochemistry that can pro-
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vide guidance for studies in a wide variety of subsur-
face environments [9]. These similarities include: 
1. metal oxidation reactions as energy sources for or-
ganisms 
2. ubiquity of biofilms and organism abilities to trans-
form their local environments 
3. production of biominerals as a byproduct of the 
above 2 items 
4. indivisible multi-species communities, i.e. “consor-
tia”, acting together as an ecosystem-level agent of 
change and facilitating mineral transformations 
5. microbial pioneer species that move into and de-
grade bedrock providing conditions for subsequent 
species to exploit 
6. precipitation by organisms of new mineral species 
from mobilized bedrock constituents 
7. self-fossilization by living microbial communities 
often with exquisite morphological preservation and 
even entombment of the original biomass 
8. large number of unusual morphological microbial 
types 
9. typically very slow growth rates of the most rock-
adapted microorganisms 
10. typically very small cell sizes 

Implications: The unifying geomicrobiological 
themes listed above may be useful in assessing the 
potential biological interactions to be expected in new 
types of cave environments here on Earth and may 
provide analytical tools in the future to help unravel 
the geochemistry, hydrology, and geology of such sys-
tems both on Earth and other Solar System bodies, 
especially Mars. 
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