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Comments by Anonymous Referee #2

The manuscript by Marcovich et al. describes how quaternary sea level fluctuations
have affected the oceanic sulfur budget through massive movement of sediment off
the shelf. They use sulfur isotopic records from two IODP drill cores from the Eastern
Equatorial Pacific. The study is very well written and relatively easy to understand,
even for someone who is not completely familiar with this research area. It is a valuable
addition to our understanding of the sulfur cycle.

We thank the referee for her/his support of the study.
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There are a few minor points that I would like to see discussed in a bit more detail
or changed to improve clarity. 1) Page 1214, line 5ff: Sediment offloading will also
introduce pyrite and OM into the abyssal box, but it will not be counted, because it is
already accounted for in the shelf box. While I agree that you should not count things
twice, I wonder how much of the pyrite that is moved from the shelf into the abyss will
be oxidized because oxygen penetration depths in abyssal sediments are usually much
greater.

This is indeed a valid point which we immediately incorporated upon reading the com-
ment. Physical reworking of sediment promotes pyrite oxidation (Calmels et al., 2007).
Therefore, if sediment transfer is slow and includes physical erosion, suspension and
deposition, we would expect that pyrite is already oxidized before sediments reach
abyssal plain. In case of instant sediment transfer (i.e., gravity flows) we would expect
that pyrite is oxidized in situ after deposition. While we cannot quantify the proportion
of pyrite oxidized in this manner we note that abyssal plains along continental margins
are dotted with the evidence of this sediment transfer which is generally thought to
occur during glaciations (Weaver et al., 2000; Piper and Normark, 2009; Meiburg and
Kneller, 2010). After emplacement, molecular oxygen diffuses into sediments and oxi-
dizes organic matter and sulfides (Colley et al., 1984; Cowie et al., 1995; Thomson et
al., 1998; Robinson, 2001). The process will continue until diffusive supply of oxygen
is interrupted either through deposition of pelagic sediment or another turbidite layer.
Depending on the sediment accumulation rates and turbidite frequency in particular
region, oxidation can last a few thousand to >10 kyrs (Cowie et al., 1995; Thomson et
al., 1998; De Lange, 1998; Robinson, 2001).

The language in the revised paper is now changed to recognize this as one of the
possible pathways of shelf pyrite oxidation. We thank the reviewer for this suggestion.

2) Page 1216, line 11: Please check spelling of "environments"

Done.
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3) Page 1221, line 9: What do you mean by "moderately sensitive"? This is a phrase
that can mean almost anything.

This is a very good point. Thank you for drawing our attention to this ambiguity. We
have changed the language and we now use: “The model output is affected by the
initial size of pyrite shelf sub-reservoir (Fig. 5).“

4) Page 1223, line 3ff: If there is a connection between build up of oceanic DIC from
pyrite oxidation and jumps in atmospheric CO2, would it be possible to show them?
This is an interesting aspect and your arguments are compelling, but I would like to see
something like a "smoking gun". Can you prepare a graph that shows this relationship?

Thank you for your comment. At this point, using our sulfur cycle model and ïĄd’34S
data we can only calculate DIC input as a result of the imbalance between pyrite weath-
ering (input flux) and pyrite burial (sink). Figure 1A shows temporal changes of DIC
input for base model scenario assuming initial fluxes at steady state values. The cu-
mulative DIC input over the past 3Myr is shown on Fig. 1B.

Due to complex behavior of different carbonate species in atmosphere-seawater sys-
tem we cannot delineate the impact of excess DIC (Figure 1) on atmospheric CO2 con-
centration. This would require a carbon isotope mass balance model which connects
competing effects of weathering, organic matter burial and decomposition, carbonate
burial and dissolution. Since this is well beyond the scope of this paper we changed
the language in the last section of discussion and dropped the sentence that suggested
the direct link between sulfide oxidation and the long term Pleistocene CO2 variations.
We hope, however, that this research will stimulate discussion that in turn will lead to
more thorough understanding of the role sulfide oxidation played in modulating inor-
ganic carbon budget during Pleistocene.

5) Graphs A1 to A4: The graphs are nice, but in order to make a direct comparison
between the different model runs I would rather like to see them as a single panel with
4 sub-graphs instead of 4 separate figures. Plotting them all into one graph will not
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work as they are too similar.

This is a great idea! We have merged Figures A1-A4.
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Discussion PaperFig. 1. Figure 1. DIC release as a result of pyrite weathering. (a) The temporal change of
DIC input calculated from the balance between pyrite weathering and pyrite burial. Note that
weathering of pyrite rel
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