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NEW DATASET
• Range of sedimentary lithologies (n = 134, Table 1)
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METHODS
• Uranium enrichment factors (EFU) calculated relative
to Post-Archean Australian Shale (PAAS).
• ẟ238U values reported relative to CRM-112A where:
ẟ238U = [(238U/235U)sample/(238U/235U)CRM-112A-1]*1000
• Changepoints determined using the ‘changepoint’
package8 in R. The cpt.var function and the Pruned
Exact Linear Time (PELT) method were used to
detect changes in variance with no limit on the
number of changepoints. Tests comparing an
assumed distribution vs a distribution-free method
yielded identical results.
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INTRODUCTION
• Earth’s atmosphere was first extensively oxidised
during the ‘Great Oxidation Event’ (GOE) at ca. 2.4 –
2.3 Ga1 but possible evidence for “whiffs of oxygen”
in oceanic shelf regions up to 500 Ma before the
GOE2.
• Uranium (U) isotope fractionation can fingerprint
the redox state of the early oceans as 238U is
preferentially reduced relative to 235U in marine
sediments.
• Here we utilise a new dataset of U concentration
and isotope data from the periods before, during
and after the GOE3, and compare these with existing
datasets4,5,6,7.
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MAIN FINDINGS
• Elevated U enrichment factors and deviations of
ẟ238U values in sedimentary rocks from crustal
values during the Archean before the GOE (Fig. 1)
• Highest variability in U enrichment factors and
ẟ238U values during the GOE, consistent with the
onset of U mobilisation by oxidative weathering.
• Decrease in U enrichment factors and increase in
average ẟ238U values following the GOE
• Statistical changepoints in ẟ238U variance
detected at 2.5 and 2.1 Ga.

CRUSTAL RANGE ẟ238U = -0.2 to -0.4‰
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TABLE 1. NEW DATASET FROM BRUESKE ET AL. (IN REV.)
Sampling area
Transvaal Basin, South
Africa
Transvaal Basin, South
Africa
Griqualand West Basin,
South Africa

Supergroup Group
Transvaal Pretoria

Transvaal Basin, South
Africa
Zimbabwe Craton,
Zimbabwe
Hamersley Basin,
Western Australia
Barberton Greenstone
Belt, South Africa

Transvaal

Chunies-poort

Transvaal

Ghaap

Transvaal

Black Reef

Age (Ga)
2.22 –
2.42
2.43 –
2.55
2.47 –
2.64

Core or origin Lithology
DP-16, KMF-5 Black shale
KMF-5

REFERENCES

Carbonate

2.64

GKP-01, BH-1* Black shale,
(SACHAcarbonate
W216)
outcrop
Black shale

Bulawayan Ngezi

2.70

Nercmar core Black shale

Pilbara

Fortescue

2.72

PDP-1

Barberton

Moodies/Fig
3.22 –
Tree/Onverwacht 3.44

Stromatolitic
limestone
Outcrop,
Black shale,
BARB-3 and -5 BIF, carbonate

IMPLICATIONS
• Evidence for U enrichment and isotopic
fractionation before the GOE but the larger
dataset suggests that the first changepoint in
ẟ238U variance is at 2.5 Ga rather than 3.0 Ga2,
consistent with the disappearance of massindependent sulfur isotope fractionation1.
• Second changepoint in ẟ238U variance detected at
2.1 Ga is consistent with increased U reduction
during the Shunga Event following the Lomagundi
Event.
• The U removal mechanism from Paleoproterozoic
ocean associated with high U isotope
fractionation and moderate U enrichment,
potentially indicating the first occurrence of O2stratified and metal-depleted basins.
FUTURE RESEARCH
• Poor temporal coverage at key intervals, e.g. 2.3
to 2.1 Ga, and gaps in the record during the
Archean, e.g. 2.8 to 2.9 and 3.0 to 3.1 Ga
• Poor representation of lithologies (particularly
carbonates)
during
the
Archean
and
Paleoproterozoic.
• Poor understanding of Archean ocean chemistry
and U isotope fractionation during U removal into
BIFs or carbonates under anoxic conditions.
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Uranium isotope fractionation across
the GOE boundary: Insights from a new
dataset and changepoint analyses

Conclusion: Two changepoints in
variance detected at 2.5 and 2.1 Ga are
consistent with a gradual and early rise in the
oceanic U inventory from the Mesoarchean
and changes in the U removal mechanisms
following:
1) onset of the GOE at 2.5 Ga; and
2) a decrease in oxygen levels during
the Shunga Event

FIGURE 1. Box plots of 100 Ma intervals showing A) ẟ238U values of bulk rocks (n = 536) and B) U enrichment
factors relative to PAAS (n = 2,409). Upper and lower limits of boxes represent the interquartile range and
black lines show the median. Outliers (>1.5 times the interquartile range) are shown as red circles. Shaded
background areas represent geological eras. Colours of points represent sample lithology and the source
dataset (refer to legend). Dashed red lines show changepoints in ẟ238U variance. Dashed grey lines show
crustal values for ẟ238U and EFU. Graphic created using ggplot29 in the statistical programming language R.
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