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Reductive immobilization of the radionuclide uranium in 

the environment is responsible for the formation of some 
U(IV) ore deposits [1-2] and is widely proposed as a 
remediation technique for the U-contaminated subsurface [3]. 
U is also proposed as a paleoredox proxy shedding light on the 
oxygenation of atmosphere and oceans [4]. However, the 
mechanism of the U reductive transformation in the 
environment –whether biotic or abiotic– remains elusive. We 
address this question by the investigation of the U isotopic 
signature of during biotic and abiotic reduction.  

We found that enzymatic U reduction results in a clear 
isotopic signature of 238U enrichment in the U(IV) products. In 
contrast, abiotic U reduction displays negligible U isotope 
fractionation. Based on these findings, we propose that 
238U/235U ratios can be used as a reliable method capable of 
discriminating between biotic and abiotic U reduction 
pathways. The generally heavy 238U/235U isotope signatures 
observed in sequestered U(IV) in field bioremediation studies, 
as well as in low-temperature redox-sensitive U deposits and in 
organic-rich sediments of anoxic ocean basins (e.g. Black Sea) 
implies that microbially driven U reduction is widely 
responsible for U reduction in natural and engineered settings. 
Therefore, we propose 238U/235U ratios as a novel proxy for 
enzymatically-driven reduction in paleo environments that may 
be used complementary to traditional paleoredox tracers.  

 
[1] Goldhaber, M.B., Hemingway, B.S., Mohagheghi, A., 
Reynolds, R.L., Northrop, H.R. Origin of coffinite in 
sedimentary rocks by a sequential adsorption-reduction 
mechanism, United States Geological Survey 1987. [2] 
Hostetler, P.B., Garrels, R.M., Economic Geology 1962, 57, 
137-167. [3] Anderson, R.T., Vrionis, H.A.; Ortiz-Bernad, I., 
Resch, C.T., Long, P.E., Dayvault, R., Karp, K., Marutzky, S., 
Metzler, D.R., Peacock A., Appl. Environ. Microbiol. 2003, 
69, 5884-5891. [4] Romaniello, S.J.; Herrmann, A.D. Anbar, 
A.D. Chemical Geology 2013, 362, 305-316. 
 

 


