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Preservation of Biological Information in Thermal Spring Deposits:
Developing a Strategy for the Search for Fossil Life on Mars
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Current interpretations of the early history of Mars suggest
many similarities with the early Earth and therefore raise the
possibility that the Archean and Proterozoic history of life on
Earth could have a counterpart on Mars. Terrestrial experience
suggests that, with techniques that can be employed remotely,
ancient springs, including thermal springs, could well yield
important information. By delivering water and various dissolved
species to the sunlit surface of Mars, springs very likely created
an environment suitable for life, which could have been difficult,
if not impossible, to attain elsewhere. The chemical and tempera-
ture gradients associated with thermal springs sort organisms
into sharply delineated, distinctive and different communities,
and so diverse organisms are concentrated into relatively small
areas in a predictable and informative fashion. A wide range of
metabolic strategies are concentrated into small areas, thus
furnishing a useful and representative sampling of the existing
biota. Mineral-charged springwaters frequently deposit chemical
precipitates of silica and/or carbonate which incorporate microor-
ganisms and preserve them as fossils.

The juxtaposition of stream valley headwaters with velcanoes
and impact craters on Mars strongly implies that subsurface
heating of groundwater created thermal springs. On Earth,
thermal springs create distinctive geomorphic features and chemi-
cal signatures which can be detected by remote sensing. Spring
deposits can be quite different chemically from adjacent rocks.
Individual springs can be hundreds of meters wide, and com-
plexes of springs occupy areas up to several kilometers wide,
Benthic microbial mats and the resultant stromatclites occupy a
large fraction of the available area. The relatively high densities
of fossils and microbial mat fabrics within these deposits make
them highly prospective in any search for morphological evidence
of life, and there are examples of microbial fossils in spring
deposits as old as 300 Myr. © 1993 Academic Press, Inc.

INTRODUCTION

Current interpretations of the early history of Mars
suggest many similarities with the early Earth and there-
fore raise the possibility that the Archean and Proterozoic
history of life on Earth could have a counterpart on Mars
(McKay 1986, McKay and Stoker 1989). Investigating
that possibility is an intellectual and technical challenge
of profound significance. The purpose of this paper is to
draw from paleobiological experience on Earth to begin
to develop a search strategy to be used on Mars. Here we
advocate exploring for thermal spring deposits as a way
to maximize the chance of finding fossil life on Mars.

The rationale for comparing Earth and Mars is ex-
pressed in Fig. | (from McKay and Stoker 1989). A sig-
nificant ¢lement in the comparison is the view that the
early atmosphere on Mars was comparable to that on
Earth at the time, but was later lost. An aspect of this is
that there was abundant liquid water which produced the
fluvial ¢channels that occur widely (Carr 1987). Although
some current interpretations of the Martian valley sys-
tems raise some doubts about the view that the ecarly
atmosphere was substantially different from that now
present, they nonetheless indicate that there was both
surface flow and spring outflow (Gulick and Baker 1989).

There has been a good deal of discussion about search
strategies for fossil life on Mars (reviewed in depth by
McKay 1986 and McKay and Stoker 1989), and attention
has focused on layered rocks (which might be lacustrine
deposits), on the regolith, and on ground ice, among other
sites. Lacustrine sediments are an obvious target, because
lakes combine the environmental features required for life
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FIG. 1. Comparison of the history of Earth and Mars (after McKay and Stoker 1989).

on Earth, and fossils commonly are preserved and found
in their sediments, The regolith is home for a substantial
microbiota, even in the harshest environments on Earth,
as in Antarctica. Terrestrial experience suggests that, with
the techniques that can be employed remotely, ancient
springs, including thermal springs, could well yield im-
portant information (Walter 1988).

A locality must satisfy several criteria in order to be a
suitable fossil site, Thermal springs are remarkable in that
they score highly in almost all of these criteria, which are
as follows:

I. Sustenance of life. By delivering water and various
dissolved chemical species to the sunlit surface of Mars,
springs very likely created an early environment suitable
for life, which could have been difficult, if not impossible,
to attain elsewhere. Springwater at elevated temperatures
could have supported a thermophilic lifestyle, which has
been proposed for the common ancestor of life on Earth
{(Woese 1987, Stetter et al. 1990). They are sites of chemi-

cal disequilibrium that can be exploited as a source of
energy for life. The chemical and thermal gradients associ-
ated with springs sort organisms into sharply delineated
distinctive and different communities, and so diverse or-
ganisms are concentrated into relatively small areas in a
predictable and informative fashion; an enormously wide
range of metabolic strategies is concentrated into a small
area, thus furnishing a usefully representative sampling
of the existing biota. For some of the same reasons, sub-
marine hydrothermal vents on Earth are a candidate site
for the origin of life (Baross and Hoffman 1985), and
certainly life is prolific at these vents now.

2. Preservation. Mineral-charged springwaters fre-
quently deposit chemical precipitates of silica and/or car-
bonate which sequester microorganisms and preserve
them as fossils. Such chemical sediments, in which organ-
isms are often morphologically preserved, predominate
in spring deposits. Allochthonous clastic sediments are
relatively rare in spring settings, in contrast to the deposits






