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Access to molecular oxygen for respiration and 
biosynthesis is currently believed to be a key driver for 
evolutionary innovation [1]. Understanding the spatial 
and temporal availability of molecular oxygen in 
Earth’s early oceans and atmosphere is a key aspect of 
studying the timing and course of early evolutionary 
events.  The first pervasive spread of molecular oxygen 
in Earth’s atmosphere occurred around 2.3 billion year 
(Ga) ago, as indicated by geological and geochemical 
observations such as the formation of paleosols and 
changes in the patterns of sulfur isotopes [e.g. 2]. 
However, localized oases of oxygen could have been 
present earlier. One of the most sensitive indicators for 
the presence of molecular oxygen is the biosynthesis of 
steroids - a process primarily performed by eukaryotes 
and requiring molecular oxygen [3]. It is thus assumed 
that the first fossil evidence of eukaryotic life indicates 
the localized presence of low amounts of molecular 
oxygen.

We here present the biomarker composition of bi-
tumens isolated from 2.5-2.6 Ga old shales that were 
recovered from the ABDP-9 drill hole in the Pilbara 
craton, Western Australia. These sediments have re-
ceived acclaim since they were suggested to host evi-
dence for the possibly first atmospheric pulse of oxy-
gen [4] and the early onset of an oxidative sulfur cycle 
[5]. To understand the likelihood and extent of con-
tamination, both free bitumen, and kerogen-associated 
bitumen (aka. Bitumen-2 [6]) were recovered and ana-
lyzed in two temporally-spaced sets of experiments. 
Bitumen-2 can only be extracted after the acid diges-
tion of the rock’s mineral matrix. We show that these 
two bitumens differ subtly in their chemical composi-
tion and that both series of experiments yield the same 
result. The C28/C29 ratio of regular steranes and dia-
steranes in free bitumens ranges between ~0.5 and ~2.0 
and is suggestive of variable contamination from 
younger sedimentary bitumens, most likely originating 
from the drilling fluids which contained traces of pe-
troleum products [7]. Bitumens-2 are shown to be un-
affected by this contamination. The presence of a wide 
range of hopanes and steranes in the bitumen 2 sam-
ples confirms earlier findings by Waldbauer et al. [8], 
suggesting the existence of both bacteria and eukaryo-
tes at 2.6 Ga. The alleged first ‘whiff’  of oxygen [4] in 
Earth’s history is closely followed by a relative in-
crease of steranes over hopanes, possibly suggesting an 
increase of the abundances of algae compared to bacte-

ria.  This observation would be consistent with the need 
for oxygen in steroid biosynthesis. 

The establishment of widespread euxinic condi-
tions during the Mesoproterozoic was suggested as a 
consequence of increased atmospheric oxygen levels 
and the related increase in marine sulfate concentra-
tions [9]. The presence of aryl isoprenoids, molecular 
markers for green sulfur bacteria, in samples from the 
ABDP-9 drill core indicates that euxinia existed before 
the great oxidation event. This implies a higher oceanic 
sulfate budget than previously assumed and, conse-
quently, oxidative weathering.

Prior to pervasive atmospheric oxygenation on 
Earth, localized oxygen oases likely existed at the sur-
faces of aquatic environments where the only plentiful 
electron donor for photosynthesis would have been 
water.  While the deep ocean remained reducing and, 
therefore, a very effective oxygen sink, such oases 
allowed the small-scale emergence and radiation of 
eukaryotes at a yet unknown time prior to the great 
oxidation event.
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