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Introduction:  The recent discovery of a mass-

independent 17O depletion in Marinoan marine barites 
[1] and in carbonate associated sulfate (CAS) [2] has 
been interpreted as evidence supporting the so-called 
hard Snowball Earth scenario of Neoproterozoic glaci-
ations, where ‘hard’ implies complete ice coverage 
over the globe. However, multiple interpretations of 
this data are possible, as I discuss below. 

Measured values of Δ17O for marine sulfates of 
various ages are shown in Figure 1. Δ17O is a measure 
of the departure from a mass-dependent fractionation 
line, and is defined as 17 17 180.518O O Oδ δΔ = − . 
For Marinoan barites the Δ17O values are a low as -0.7 
‰ [1], and for Svalbard CAS are as low as -1.6 ‰. 
Here I will primarily focus on the Marinoan barites, 
but I will also give predictions of Phanerozoic Δ17O 
values based on the models of CO2 and O2 from 
Berner [4,5]. 

Figure 2 illustrates how sulfates acquire a negative 
Δ17O signature. Ozone formation in the stratosphere 
yields O3 with a large positive Δ17O, which is then 
transferred to stratospheric CO2 [6]. The large pool of 
stratospheric CO2 with Δ17O ~ +10 ‰ is balanced by 
atmospheric O2 with Δ17O ~ -0.3 ‰ [3]. The relation-
ship between Δ17O(O2) and Δ17O(O2) is given by 
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neglecting multiplicative constants, where CO2,trop is 
CO2 crossing the tropopause from the stratosphere 
with Δ17O ~ 1 ‰ [3]. τO2 is the residence time of O2 
with respect to photosynthesis/respiration (for simplic-
ity we assume that photosynthesis and respiration are 
in steady state), which has a value ~ 1200 years in the 
modern atmosphere.  Assuming  the same τO2 equation 
(1) can be generalized to various levels of pCO2 and 
pO2. Much more negative Δ17O(O2) values are pre-
dicted for high pCO2 levels (Fig. 3).  

O2 is well mixed on a time scale of years, and can 
participate in oxidative weathering reactions at the 
surface. Subaerial oxidative weathering of continental 
pyrite will impart a fraction of Δ17O of O2 to the sul-
fate product. Laboratory experiments with Fe-
oxidizing organisms have shown that 8-16 % of sulfate 
oxygen is incorporated from atmospheric O2, with the 
remainder from water. If we use 10% as a representa-
tive value of O2 oxygen used, the barites with Δ17O = -

0.7 ‰ imply Δ17O(O2) ~ -7 ‰, and, from Fig. 3, pCO2 
~ 10000 ppm. Bao et al. [1] interpreted this high pCO2 
value as consistent with the melting and CO2 draw-
down phase of a hard Snowball Earth; peak CO2 
would have presumably been ~ 10 times higher or ~ 
0.1 atm. To provide sufficient greenhouse warming to 
melt the snowball. I will suggest two other interpreta-
tions of this data. 

What is constrained by the barite Δ17O data?:  
From equation (1) it is apparent that Δ17O(O2), which 
we have argued is ~10*Δ17O(barite), depends on sev-
eral quantities, including pCO2, pO2 and τO2. Bao et al. 
[1] assumed the modern values for pO2 and τO2, but 
these values were likely to be different during the Neo-
proterozoic. Neoproterozoic pO2 levels are thought to 
have been between 0.2 % and 10 % of the atmosphere 
based on the Fe content of paleosols [8] and the persis-
tence of ocean anoxia [9], and are thus far more poorly 
constrained than Phanerozoic values. Figure 3 shows 
that for 1 % O2 and τO2 = 1200 yrs, pCO2 ~ 600 ppm is 
sufficient to produce Δ17O(O2) ~ -7 ‰, well below 
Snowball Earth values. Reduced pO2 for a given τO2 
means a reduced photosynthesis/respiration flux of O2, 
where the flux is FO2 = pO2/τo2. The O2 flux can also 
be reduced by increasing the residence time τO2 for a 
given pO2. In either case a reduced O2 flux implies 
reduced photosynthetic productivity, as has been in-
ferred for the Last Glacial Maximum from Δ17O of O2 
trapped in ice cores [10]. It would not be surprising to 
find large deviations in Neoproterozoic productivity 
compared to modern values.  

Tests of the theory:  An important test of the the-
ory used in Bao et al. [1] and presented here is to com-
pare with the better constrained Phanerozoic. Figure 4 
shows the predicted Δ17O(barite) values for the most 
recent model calculations of pO2 and pCO2 in the 
Phanerozoic from Berner [4,5]. The early Cambrian 
barite Δ17O values of 0 to -0.2 ‰ (Fig. 1) show rough 
agreement with model values of -.15 to -.25 (Fig. 4), 
however the evaporites at ~300 Myr do not agree with 
model-inferred values, which could indicate an in-
creased residence time for O2. Smaller uncertainties in 
the measured Δ17O values would aid interpretation of 
Phanerozoic data. 

Conclusions:  The negative Δ17O values measured 
in marine barites measured at the Marinoan glaciation 
can be interpreted as supportive of a hard Snowball 
Earth. However, reduced photosynthetic/respiration 

5586.pdfAstrobiology Science Conference 2010 (2010)



flux (i.e., reduced productivity) can also account for 
the barite Δ17O values., and are qualitatively consistent 
with the negative δ13C anomalies characteristic of 
Neoproterozoic glaciations. 
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Fig. 1 Measured Δ17O values (in permil) of marine 
sulfates over the last 750 Ma [1]. We interpret the 
negative values to be due to oxidation of the sulfate 
precursor by atmospheric O2. 

 

Fig. 2 The scheme by which a positive Δ17O in O3 be-
comes a negative Δ17O in O2, which is then incorpo-

rated in sulfates. A photosynthetic source of O2 is re-
quired, but trees are not. 

 
 

Fig. 3 The relation between pCO2 (ppm) and Δ17O(O2) 
for 20 % O2 and 1 % O2. The linear relationship be-
tween pCO2 and Δ17O(O2) given by equation (1) 
breaks down for large Δ17O(O2) values [1]. 

 
 

Fig. 4 Predicted Δ17O(barite) for model values of pCO2 
and pO2 in the Phanerozoic from Berner [4,5]. VNV is 
defined as the relative weathering rate of volcanic (ba-
saltic) to non-volcanic (granitic) rocks in Berner’s 
models. It is assumed that 10 % of sulfate oxygen is 
from atmospheric O2, consistent with Balci et al. [7]. 

 

5586.pdfAstrobiology Science Conference 2010 (2010)


