Temperature dependence of the molybdenum isotope paleoredox proxy
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Application of Mo isotopes as a paleoredox indicator assumes that the mechanism of isotope fractionation is constant and that the magnitude of fractionation is relatively insensitive to variables other than redox conditions, such as temperature, pH, or sediment composition. To begin testing these assumptions, we have extended the experimental work of Barling & Anbar (2004, EPSL 217:315) on Mo isotope fractionation during adsorption to Mn-oxyhydroxides to a range of temperatures, from 0-25°C. 

In the experiments, Mo in solution adsorbs to synthetic Mn-oxyhydroxide particles for varying amounts of time while held at constant temperature. Solutions and mineral particles are separated by filtration, purified by ion exchange, and analyzed by MC-ICP-MS.

Thus far our results confirm the earlier result (Barling & Anbar 2004) that Mo adsorbed to Mn-oxyhydroxide particles is lighter than coexisting solution by ~1.8‰ (delta 97/95). We find no significant variations in fractionation over the range of temperatures studied. This contrasts with the theoretical prediction of Tossell (2005, GCA 69:2981). Based on quantum calculations of differences in free energies of isotopomers of Mo species as a function of temperature, Tossell predicts slight fractionation between MoO42- and MoO3 (0.25‰ at 0°C) that decreases by a factor of two from 0°C to 25°C. This disagreement implies that further investigation is required to determine which Mo species are involved in fractionation and what mechanism is responsible for the large isotope effect observed in our experiments and in natural samples.
