Investigating the potential for trace metal biosignatures in the rock record
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Availability of trace elements changed as life evolved, necessitating the evolution of strategies for targeted metal uptake.  If such uptake occurred and left evidence in the rock record, then trace metal signatures might document biological activity.  For example, Fe is needed by bacteria, but is often insoluble under oxic conditions. Aerobic organisms therefore developed siderophores to acquire Fe.  Studies investigating Fe dissolution and isotopic fractionation by microorganisms have shown promise for detecting biosignatures.  For example, hornblende incubated with a soil bacterium showed an Fe-depleted layer on the mineral surface, enhanced release of Fe to solution compared to abiotic conditions, and isotopic fractionation of dissolved Fe compared to the bulk mineral.

N2-fixing microorganisms (diazotrophs) generally require Mo as well as Fe.  Mo may have been less abundant in Archaean and mid-Proterozoic oceans.  An evolutionary advantage might have accrued to organisms that could produce “molybdophores”.  Similar to the results for Fe, experiments have shown that diazotrophs can enhance release of Fe and Mo from hornblende glass, and may fractionate isotopes of these metals as well. 
In contrast to most organisms, methanogens have a high requirement for Ni.  However, unlike the observations for Fe and Mo, experiments show no evidence for preferential Ni extraction from minerals.   Extraction of Ni from host rocks by methanogens may therefore not leave any identifiable trace in rocks. A better understanding of the utilization and uptake of bioessential metals from host rocks is required to interpret such potential biosignatures.
