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Introduction
Hot spring environments are often utilised to study bacterial

silicification in an attempt to understand processes such as
microfossil preservation and silica stromatolite formation on the
early Earth (Schultze-Lam et al., 1995). In these environments,
silicification appears to be a rapid process, the cells becoming
fully encrusted within a matter of days (Jones et al., 1998). In
contrast, many laboratory studies suggest the silicification
process is very slow, often requiring several months for notable
silicification to occur (Ferris et al., 1988; Heaney and Yates,
1998). Clearly the silicification of microbes in the laboratory is
a much slower process, and this study aims to determine the
discrepancy between hot spring and laboratory silicification
kinetics.

Methods
We investigated the kinetics of silica adsorption/precipitation

onto the cyanobacterium Calothrix (strain KC97), an isolate
from the Krisuvik hot spring, Iceland. Microcosms were
prepared with a known concentration of functioning cyanobac-
teria, and a variety of silica solutions (described in results),
including hot spring water collected from the Krisuvik hot
spring, Iceland. Samples of effluent were filtered and acidified
at regular intervals for analysis by ICP-AES to determine the
loss of metal from solution (i.e. bacterial adsorption).
Additionally, agar plates of inoculated Calothrix were placed
5 m from the vent in the outflow apron at the Krisuvik hot spring
to determine the rate of silica accretion for comparison with
laboratory results.

Results and Discussion
Examination of agar plates left in the Krisuvik outflow

channel revealed notable silica accumulation rates in the order
of 2 µm/day. In contrast, microcosms prepared in the laboratory
with 300 ppm silica (i.e. supersaturated with respect to amor-
phous Si) showed negligible Si adsorption rates with 280 ppm Si
remaining in solution after 25 days, and no notable silica crust
accumulation. However, in microcosms containing 5 and
50 ppm Fe, the cyanobacteria demonstrated excellent metal
binding characteristics, absorbing 80% iron from solution in just
4 hours. To determine if such metals could aid silica precipita-
tion, 300 ppm Si solutions were doped with 5 and 50 ppm Fe.
Results show iron doping slightly increased Si adsorption rates
and furthermore, it is clear that the iron acted as a cation bridge,
binding to the bacterial surface first and thus providing a nucle-
ation site for silica precipitation. However, Si accumulation rates
were still negligible compared to those observed in the field. 

Further microcosms prepared with hot spring water collected
from the Krisuvik hot spring (230 ppm Si) also demonstrated very
slow silica removal rates, with only 40 ppm Si being removed
from solution after 25 days; the solution remaining supersatu-
rated. This signifies that it is not the synthetic nature of laboratory
prepared solutions that is responsible for slow adsorption kinetics.

Finally, Si adsorption was reassessed in more detail over the
initial 24 hour adsorbtion period. The results demonstrate that in
fact, a small proportion of silica (~15 ppm) is rapidly absorbed
during the first 12 hours. Thereafter, Si precipitation was negli-
gible. It seems likely that this early, rapid stage of Si adsorption
results from polymerisation of silica over the initial 12 hour
period. In this study, silica polymerisation results from the neutral-
isation (from pH ~12 to 7) of the silica solution with 2 M HCl
immediately prior to addition to the microcosm (this is performed
to prevent lysis of the cyanobacterial colony due to extremes in
pH), causing monomeric silica to polymerise into colloidal form.
During this process, hydroxy groups in the silicic acid molecule
combine to form siloxane bonds (Depasse and Watillon, 1970).
We speculate that polymerising silica also forms siloxane style
bonds with hydroxy groups present on the bacterial surface. Thus,
bacterial-silica absorption is most rapid during the polymerisation
period, when the silica phase is most reactive. In many hot springs
environments, silica enriched fluids become supersaturated as
they emanate from the vent, due to the sudden drop in pressure
and temperature. It follows that there is a continual supply of
freshly polymerising silica which reacts with any suitable
surfaces, such as bacteria, resulting in silicification kinetics which
are relatively rapid. Certainly the cumulative affect of such a
process would result in significant silica accumulation in a rela-
tively short time. This was confirmed in the laboratory by regu-
larly resupplying the microcosm with solutions of freshly
polymerising silica.
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