Interpreting the Isotopic Composition of Sulfate and Nitrate from an Antarctic Ice Core Using GEOS-Chem
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Model-Measurement Comparison

Comparison of GEOS-Chem to measurements of present-day
sulfate and nitrate Δ17O from aerosol, cloud, and ﬁrn samples.

Sulfate [Sofen et al., 2011]
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S(IV) + H2O2 → SO4 Δ OSO4 = 0.65‰
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HO2 (R2)
RO2 (R3)

•Long-term: Changing post-depositional processing (due to changing snow accumulation) can explain
the trend in nitrate Δ17O and δ15N.
•1700 CE-Present: Ice core indicators of non-oxidant factors (LWC, pH, aerosol surface area, DMS,
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Preliminary Interpretation

S(IV) + O3 → SO4 Δ17OSO4 = 8.75‰

[Helen Amos]
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eﬀects [Sofen et al., 2011]. GEOS-Chem does not reproduce the
observed ~1‰ 1600 CE-present increase in Δ17O(SO42-) using
standard preindustrial assumptions.
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• Source: Southern Ocean DMS emissions.
• Sulfate forms in remote ocean areas.
• OH in remote regions has decreased since the
preindustrial due to increased CH4
concentrations.
➡ Increases Δ17O(SO42-).
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•Oxidant concentrations
•Cloud liquid water content
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Fig. 2. Scatter
plot of monthly-mean
Preindustrial Oxidants
and Δ17O(SO
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The ﬁrst continuous record of Δ17O of both sulfate and nitrate has
been constructed for the past 2300 years from the WAIS-Divide
ice core. Features of the record include:
17
217
• Increase in Δ O(SO4 ) and decrease in Δ O(NO3 ) between
~1700 CE and present.
17
217
15
• Coincident decreases in Δ O(SO4 ), Δ O(NO3 ), and δ N at
~350 C.E. that exceeds 200 BCE - 1600 CE variability.
The goal of this work is to interpret this new ice core record using
sulfate and nitrate box models constrained by GEOS-Chem.
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Nitrate [Alexander et al., 2009]
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Atmospheric oxidant concentrations impact the lifetime of reduced
trace gases (CH4, SO2, NOx, VOCs) with implications for climate
forcing and air pollutants, but there is little direct evidence of
paleo-oxidant concentrations. The oxygen isotopic composition
(Δ17O = δ17O - 0.52×δ18O) of sulfate and nitrate reﬂect their
formation pathways in the atmosphere, and measurements from
ice cores in conjunction with atmospheric chemistry modeling have
the potential to constrain past oxidant concentrations.

WAIS-Divide Ice Core Sulfate Δ17O, Nitrate Δ17O, and Nitrate δ15N
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