Silica biomorphs: Self-assembly mineral structures and the problem of primitive life detection
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The ability of in vivo biochemical systems to engineer complex materials to sustain life is evidently worth emulating in designing and constructing novel materials. However, bizarre as it can seem, purely inorganic processes may also yield self-assembled complex structures that are nor controlled by crystallographic symmetry. I will present in this lecture a synthetic novel type of material that share with life complexity, morphology, hierarchy and self-organization yet it is remarkably simple in chemical terms. The synthesis is very simple, requiring only a source of carbonate ions (e.g. atmospheric CO2), strong alkaline aqueous solutions, silica and alkaline-earth cations (Ba and Sr, Ca) at room temperature. Under these alkaline conditions, the precipitation of alkaline-earth carbonates (witherite, strontianite or calcite/aragonite) coupled with silica interactions yields crystal aggregates made of millions of nanocrystals exhibiting self-assembled non-crystallographic morphologies  These morphologies are highly reminiscent of the shape of primitive organisms, but the precipitate are clearly inorganic in origin and form without involvement of biological compounds or living organisms. These crystal aggregates share with life complexity, morphology, hierarchy and self-organization, and has been named “silica biomorphs”. I will discuss the formation, morphological behavior and textural arrangement of these complex self-organized crystal aggregates as a function of the concentration silica and silicate species, supersaturation value of the carbonate phase, pH and temperature. At present, the formation of these types of precipitates under natural conditions is geochemically plausible, the probability increasing significantly for primitive Earth environments. I will review the geological niches where such mineral self-assembled structures may form and –as an application- I will discuss the problem of the detection of primitive fossilized life on Earth and Mars. 
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