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Evolution of  Earth’s atmosphere through time

Modified after TW Lyons et al. Nature 506, 307-315 (2014)



Co-evolution of  Earth’s atmosphere and ocean redox state through time

Modified after TW Lyons et al. Nature 506, 307-315 (2014) 

and after NJ Planavsky et al. Nature 477, 448-452 (2011)



Co-evolution of  ocean redox state and Mo and U sedimentary 

concentrations through time 

Modified after TW Lyons et al. Nature 506, 307-315 (2014) 

and after NJ Planavsky et al. Nature 477, 448-452 (2011)



„molybdos” – simmilar to lead

δ98Mosample
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Uranium in nature – mixture of three long lived isotopes
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δ238Usample(‰)=[238/235Usample/
238/235Ustandard -1] × 1000

δ234Usample(‰)=[234/238Usample/
234/235Usec.eq. -1] × 1000



decay chain U-238
atomic number

Half-life time (units)

main decay chain depicted

γ emiters are not shown

s – second

m – minute

h – hour

d- day

a- year

Bi = Bismuth

Pa = Protactinium

Pb = Lead

Po = Polonium

Ra – radium

Rn = radon

Th = Thorium

U = Uranium
stable
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vents
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estimated Mo fluks (108 mol/year)



Oxic Mo sink 

predominates

Euxinic Mo sink 

predominates

Modified after X Chen et al. Nature Commun. 

DOI: 10.1038/ncomms8142 (2015)
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High amount of terrigenous material (carbonate detritus)

- 234U/238U = 0

- [U] = 3.30 μg g-1

- 238U = -0.29‰ (0.07).
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molybdenum and uranium redox proxies in a modern shallow anoxic
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Andersen, M.B., Vance, D., Morford, J.L, Bura-
Nakić, E., Breitenbach, S.F.M., Och, L., 2016.
Closing in on the marine 238/235U budget.
Chemical geology 420, 11-22



δ238Uopen system = from +0.8 to +0.2

δ238Uopen system = +0.2

δ238Uopen system = from +0.2 to -0.4

Sedimentary δ238 U (‰)

δ238Uclosed system = from +0.2 to -0.4
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Depth profiles of dissolved δ238U and δ98Mo at „Zmajevo 

oko” in October 2013
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„Zmajevo oko”

Mljet Lake
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