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Introduction: The observation of large nonzero
APS (= 8%S-1000%((1+8°*S/1000)-1) in samples older
than 2.45 Ga and not in younger samples (Fig 1) has
been interpreted to reflect the rise of atmospheric oxy-
gen [1-5].
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Fig. 1. Plot of A¥S vs &S for Samples older than 2.45
Ga (triangles) and samples younger than 2.0 Ga (dia-
monds). Data from [1,3,6-8] and also includes data
from UMCP.

This interpretation hinges on three related hypothe-
ses: (1) that the nonzero A*S is produced by an at-
mospheric reaction that occurs as a result of penetra-
tion of solar deep UV radiation throughout the atmos-
phere (this requires a limited ozone shield and implies
low oxygen levels) [3], (2) that preservation of the
nonzero A*S in the surface sulfur cycle reflects limited
interconversion between sulfide and sulfate as a result
of a subdued role of oxidative weathering in the sur-
face sulfur cycle [1], and (3) that the transfer of sulfur
species with nonzero A**S from the atmosphere to the
surface is efficient, and that these transfer processes
themselves depend on atmospheric oxidation state —
principally on the rates assigned to the oxidation path-
ways for the reduced sulfur species S and S, that recy-
cle sulfur back to H,SO, aerosol form [4].

The present theory for the origin of mass inde-
pendent fractionations (large nonzero A*M, where X is
the mass of a rare isotope and M is the atomic symbol
for the element) attributes them to processes associated
with synthesis (nucleosynthesis, cosmic ray-induced
nuclear reactions, radiogenic sources or sinks), nuclear
spin selective chemical reactions, self-shielding reac-

tions, or reactions that involve chemical selection rules
other than those that directly relate to isotopic mass.
The observed relationship between A*°S and A*S (Fig
2.) has been interpreted to indicate that the first two
possibilities (isotope synthesis and spin selective reac-
tions) do not explain the observations, and that the
effect originates as a result of either shielding reaction
(atmospheric), or gas-phase (atmospheric) chemistry
involving chemical selection rules other than those that
directly relate to mass. Ultimately, candidate reactions
responsible for producing the A*'S signature in the pre
2.45 Ga record must also reproduce the A*S vs. A¥S
relationship.
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Fig 2. Plot of A*S vs. A*S for samples older than
2.45 Ga. Diamonds are data from [1] and triangles are
data collected at UMCP for samples from South Af-
rica.

There are presently only a few candidates for the
reactions that produced the sulfur isotope systematics
observed in the pre 2.45 Ga samples and these include
the reactions associated with the interactions between
deep UV radiation and SO,. Laboratory experiments
undertaken with SO, and UV radiation at 193 nm and
>220 nm have produced products that exhibit similar
relationships between A*®S and A*™S. These experi-
ments have not been as successful in reproducing the
observed relationships between A*’S and &**S (Fig 3.).
Notwithstanding this, chemistry driven by deep ultra-
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violet UV radiation and atmospheric SO, is presently
the best candidate to account for the observations.
Further experiments and theoretical treatments are
clearly needed however, to identify the reactions re-
sponsible for the observations.
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Fig. 3. Plot of A**S vs. &S for Samples older than
2.45 Ga (triangles) and samples younger than 2.0 Ga
(diamonds). Vectors represent sense of arrays gener-

ated by products of photochemical experiments with
SO,. Data from [1,3,6-8].

Summary: An atmospheric origin for the origin of non-
zero A”S is preferred, and the disappearance of large
nonzero A**S at ~2.45 Ga is interpreted to reflect the
initial rise of atmospheric oxygen. It is not known
whether oxygen rose to near present levels, or inter-
mediate levels immediately after 2.45 Ga, or whether
oscillations in atmospheric oxygen levels occurred.
The responsible mechanism for these mass-
independent fractionstions must similarly produce a
A*S anamoly that is correlated with A™S.
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