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The isotope composition of seawater sulfate is an 

important tracer of sulfur and oxygen cycles in the 

Earth’s deep past. Carbonate-associated sulfate (CAS) 

is widely used as a proxy for primary sulfate of paleo-

seawater when evaporate deposits are absent or sporad-

ic. The primary nature of CAS, however, is often ques-

tioned when disseminated pyrite grains are co-

occurring and both diagenetic and analytical processes 

can compromise original CAS signals. Therefore, many 

studies have recently tested the effect of pyrite oxida-

tion on extracted CAS in the laboratory. Here, we show 

that CAS signal can also be severely contaminated by 

recent atmospheric sulfate, especially when the car-

bonates outcrop in arid to semi-arid climate or in 

heavily polluted regions. Our evidence comes from 

triple oxygen isotope measurement of CAS. We exam-

ined triple oxygen isotope composition of sequentially 

extracted CAS of diverse ages from northwestern Chi-

na and southwestern USA together with their corre-

sponding δ
34

S values. In spite of a careful prescreening 

and precleaning of rock chips, we found that most of 

the extracted CAS bears small yet distinct positive 
17

O 

anomalies, i.e. the Δ
17

O (∆
17

O≡ δ’
17

O −0.52 ×δ’
18

O, 

δ’≡ ln (Rsample/RVSMOW))> ‒0.05‰, distinctly different 

from the more negative Δ
17

O value (<‒0.10‰) carried 

by seawater sulfate . Our extracted CAS generally has 

more positive 
17

O anomaly (∆
17

O value up to +0.40‰) 

and lower δ
34

S in the first water-leached CAS fraction 

than those in the second acid-extracted CAS fraction, 

regardless of age of the rocks. Since secondary atmos-

pheric sulfate (SAS) is the only source of sulfate 

known to have positive Δ
17

O value resulting from an 

O2-O3-CO2 photochemical reaction in the stratosphere, 

up to 70% of the first water-leached and up to 30% of 

the 2
nd

 acid leached CAS must come from SAS among 

our tested samples. In arid and semi-arid areas, recent 

atmospheric sulfate can accumulate on the surface of 

carbonate outcrops in micro-cracks and/or in thin-films 

of newly formed caliches. We therefore conclude that 

CAS extracted from outcrops in arid and/or heavily 

polluted areas is a mixture of primary CAS and recent 

SAS. The recent SAS component is expected to be 

more pronounced when the primary CAS concentration 

is low. Because recent SAS has a δ
34

S value between 

‒2 to +5‰ (VCDT), it may result in the δ
34

S being 

lower for the extracted CAS than for the co-occurring 

pyrite in a carbonate rock, a puzzling observations re-

ported by many in the world, e.g. the Neoproterozoic 

carbonates in northwestern China, southwestern USA, 

and southern Namibia. Because of the difficulty of 

cleanly separating modern SAS from primary CAS by 

physical and chemical means, drill-core samples are 

necessary for CAS study especially for sections ex-

posed in arid to semi-arid climate and/or in polluted 

regions. Importantly, extracted CAS needs to be as-

sessed Δ
17

O value for being trusted as representative of 

primary seawater sulfate.  
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