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Uranium isotopes (δ238U) in marine carbonate sediments 

have widely been used to place quantitative constraints on the 
oxygenation state of the oceans in geological history. 
However, marine carbonate sediments precipate partly during 
diagenesis, and suffer from post-depositional alteration 
processes, imposing a positive, albeit variable, δ238U offset in 
the sediments relative to contemporaneous seawater. In 
contrast, calcitic brachiopod shells reliably record the δ238U 
value of the seawater in which they grew (1), and they consist 
of a mineral more resistant to diagenetic and post-
depositional alteration (2). The low U content in brachiopod 
shells, however, pose a challenge to precise δ238U  analysis. 
Using a refined chemical purification protocol and employing 
1013Ω resistors on MC-ICPMS Neptune Plus, we present 47 
δ238U measurements from 21 brachiopod shells and their host 
carbonate rocks to test the robustness of brachiopods for 
recording the original δ238U composition of Permian seawater 
and the secular variation in the global ocean oxygenation 
states.  

We used SEM, CL microscopy and the elemental 
analyses to determine the preservation of the shells. We find 
that 54%, 27% and 19% of the shells have lower, same and 
higher δ238U values than their host rocks, respectively, 
demonstrating overall better preservation of δ238U in 
brachiopod shells. Using the δ238U records of best preserved 
brachiopod shells, we infer widespread oceanic anoxia in the 
earliest Permian oceans, a temporal recovery to more 
oxygenated ocean conditions during the Kungurian, and a 
return to anoxic conditions in the late Guadalupian to 
Lopingian oceans.  
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