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Authigenic Mo and Re enrichments and Mo, U, S,
N, and Se isotope data from organic-rich mudrocks of
the Mt. McRae Shale (drill core ABDP-9, Hamersley
Basin, Western Australia) point to the production and
accumulation of mild amounts of photosynthetic O, in
surface environments at 2.5 Ga [1-7]. This evidence for
0O, accumulation may represent one of a series of tran-
sient oxygenation and oxidative continental weathering
events ("whiffs" of O,) in the Archean, and thus a non-
linear topology of initial environmental oxygenation
until the 2.45-2.32 Ga Great Oxidation Event (GOE).
Alternatively, small linear stepwise increases in atmos-
pheric O, allowed mild environmental oxygenation and
oxidative weathering to occur continuously and with
increasing intensity towards the GOE.

Distinguishing between the two hypotheses is criti-
cal for understanding the dynamics of planetary oxy-
genation on Earth and ultimately the evolution of com-
plex life. Hence, we obtained new Re-Os isotope data
from organic-rich mudrocks in ABDP-9 where high
authigenic enrichments of Re and Mo were observed
previously and suggested to originate from oxidative
weathering of crustal sulfide minerals [1].

Regression of Re-Os isotope data from eight sam-
ples (plus four replicate analyses) from 148.09-148.15
m together with previous data from organic-rich
mudrocks at 145.22 m, 146.08 m, 147.10 m, and
148.32 m [1] yields a 16-point Re-Os isochron age of
2495 + 14 Ma (20, Mean Square of Weighted Deviates
[MSWD] = 2.2; the age uncertainty includes the **'Re
decay constant uncertainty). The new Re-Os age is
statistically identical to a 5-point Re-Os age of 2495 +
20 Ma (20, MSWD = 0.95) from organic-rich
mudrocks at 128.71-129.85 m in ABDP-9, and to a U-
Pb zircon age of 2504 + 5 Ma from a tuffaceous bed
within the Mt. McRae Shale [8]. Hence, post-
depositional processes have not significantly affected
Re, Os, and likely Mo (because all three metals are
siderophilic, chalcophilic, and redox-sensitive). Our
findings refute the recent claim that the Mt. McRae
geochemical data can be explained by later Proterozoic
metasomatic alteration [9].

The initial *’0s/**®0s isotope ratio from the Re-Os
regression of the organic-rich mudrocks at 145.22-
148.32 m is 0.34 + 0.19 (2c), which is statistically
higher than the magmatic/hydrothermal (mantle) base-
line of 0.11 at 2.5 Ga. Together with the authigenic Re
and Mo enrichments in these samples, the initial
18705/"880s suggests that oxidative mobilization of ra-
diogenic Os, Re, and Mo occurred together from crus-
tal sulfide minerals and that all three metals were
transported together to Hamersley Basin seawater.

A decline in Mo and Re enrichments above 143 m
in ABDP-9 was previously attributed to falling envi-
ronmental O, levels or an expansion of euxinic condi-
tions due to higher seawater sulfate availability from
increased oxidative weathering of crustal sulfides [1, 4,
5]. The Re-Os regression for organic-rich mudrocks at
128.71-129.85 m yields an initial **’0s/**®0s of 0.06 +
0.09 (20) that is statistically indistinguishable from the
mantle value [1], pointing to minimal riverine transport
of radiogenic crustal Os. Hence, the high Re and Mo
enrichments and more radiogenic seawater **’0Os/**®0s
at 145.22-148.32 m captures transient oxygenation.

We infer that environmental oxygen levels fluctuat-
ed between the evolution of oxygenic photosynthesis at
least 3 Gyr ago and the Great Oxidation Event [10-12].
An important remaining question is whether transient
oxygenation events increased in magnitude, frequency,
and duration towards the Great Oxidation Event.
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