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A recent survey of chemical denudation of continental silicates
at the global scale suggests that riverine particulate materialseawater interaction may be essential to the feedback between
weathering and atmospheric CO2 content/climate over geological
timescales [1]. Moreover substantial evidence indicates that this
pariculate material is reactive once it arrives in the coastal oceans,
in part due to its high surface area [2,3]. This study explores the
possibility of using the detrital silicate material, located at the
continental and volcanic island margins for carbon storage via insitu mineral carbonation.
Continental margin silicate sediments offer a number of
advantages to potential carbon storage efforts. In addition to the
large surface area of reactive solids, they have subtantial porosity
available for carbonate mineral precipitation. The carbonation of
silicate sediments can be enhanced by injecting CO2 fully dissolved
in water, which in turn limits the risk associated with buoyancy. The
CO2 dissolution requires large water volumes that may not be
available on land. Moreover, public acceptance of ocean sediments
storage may be easier than for land storage.
Of particular interest is the carbonation of basaltic and
ultramafic sediments [4,5], which comprise a significant proportion
of the particulate material transported to the oceans. Natural
analogues, laboratory experiments, and reactive transport models
suggests that such material is readily transformed into carbonates at
low temperature and high CO2 partial pressure [e.g. 6]. Laboratory
experiments suggest that seawater/basaltic sediment interaction is
particularly well suited for long-term CO2 storage [7].
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Living organisms produce skeletal structures within a complex
matrix of organic macromolecules. These compounds are proposed
to actively guide the nucleation and growth of crystalline structures
into the organic-inorganic composites we know as biominerals.
Good examples are seen in calcareous algae and stromatoliteforming cyanobacteria. An extensive effort has investigated the
influence of proteins on calcium carbonate (CaCO3) mineralization.
The polysaccharides, however, have received little attention despite
their near-ubiquitous occurrence in mineralized tissues and intimate
associations with proteinaceous compounds of the organic matrix.
The polysaccharides found at sites of microbial mineralization
have complex monosaccharide sequences with various carbohydrate
stereochemistries and functionalities (carboxylated, acetylaminated,
sulfonated, methylated). This study tests the hypothesis that
polysaccharides influence the rate of calcite nucleation by
systematic and predictible differences in their chemistry. Using high
purity polysaccharides with regular monomer sequences as simple
model compounds for more complex macromolecules, we quantify
the effect of functional group chemistry (chitosan, hyaluronic acid,
heparin, alginic acid) and monomer sequencing (two stereoisomers
of alginic acid) on the kinetic and thermodynamic barriers to CaCO 3
formation. Substrates were prepared by electrodeposition of these
polysaccharides as thin gel-like films onto gold-coated silicon
wafers. Using a flow-through cell, heterogeneous nucleation rates
of calcite were measured for a suite of supersaturation conditions.
The kinetic measurements show rates of calcite nucleation are
dependent on polysaccharide functional group chemistry and
monomer sequence. Analysis of the data indicate the kinetic and
thermodynamic barriers to nucleation are correlated with surface
charge as the number of carboxyl groups per monomer of
polysaccharide.
Nucleation rates are also correlated with
independent measurements of surface free energy of the
polysaccharide substrates. These findings indicate polysaccharides
may have active roles in promoting the formation of calcite and
suggest their presumed function as inert framework molecules
should be revisited.

1764

