Response to Reviewer #2

Berg and colleagues present a depth profile of sulfur geochemistry and target gene abundance for a
~10-meter-long core from Lake Cadagno sediments (Switzerland). This well-studied lake has
moderately low concentrations of sulfate in deep porewater and experiences an influx of
groundwater from below, making it a valuable intermediate case study between the ocean and very-
low-sulfate lakes (e.g., Lake Superior). This dataset is likely to be of broad interest in the field. Before
publication, however, there are several discussion topics that need additional attention, especially
related to the interpretation of the organic S and C results and the deeper S-isotope trends. Detailed
comments below are in manuscript order.

Line 111 — Please provide the essential details about your sampling procedure here so the manuscript
is complete on its own without reference to Berg 2022. The reader needs be able to quickly
understand e.g. that these are piston cores, at what coordinates and elevation, without an internet
connection.

All sampling procedures for data presented in this manuscript have now been described in the
Materials and Methods. This also applies to the 1991 data. XRF data presented in Figure 1 are cited
(Berg et al. 2022) but procedures are not described as this data is not used in further detail.
Manganese was removed from these plots because it is not discussed in the manuscript.

Line 230 — | was looking for a profile of TOC to make sense of the C:S ratio profiles before | found it in
the Supplement. The x-axis for TOC concentrations appears to be missing on figure S1. Consider
moving this to the main text, it’s very useful for thinking about the ratio profiles.

The concentration profiles have been moved to main Figures 2 and 3, and ratio profiles have been
separated as Figure 4. The supplementary figures have been replaced with all the data in numerical
form for easier access (Table S1).

Fig. 2 — | realize that the x-axis in D is the full range of values observed, but it is not feasible to glean
information about the relationships among CRS, HAS, and AVS in the main core at this scale. Please
provide an additional zoomed-in scale or some other approach to make it possible to resolve d34S
differences of a few permil. Similarly, the TC/TS range goes to 40 when the data max is 12 — it would
help to adjust this so the data are easier to see.

In order to better visualize variations in compounds downcore, we have separated the figure into two
figures (Fig. 2: uppermost sediments (0-50 cm; obtained with a gravity corer); Fig. 3: deep sediments
(0-1000 cm; obtained with a percussion coring system). We have also incorporated some of the main
data (TOC) from the supplementary information, and created a separate figure for TC/TS ratios. We
have also added the data in numerical form in the supplementary materials (Table S1).

Line 222-230 — | found it challenging to make sense of the humic acid sulfur data referenced only to
total or total organic C. Values for humic acid carbon would be extremely helpful if they exist. Do we
know at least roughly what proportion of TOC was extracted as HA? Either way, a discussion is
warranted about the relationship between HA extracts and total or residual (protokerogen-like) OC.
How should the reader think about statistics like TOC:HAS when the ratios of C:S in HA, the ratio of
C:Sin non-soluble OC, and the relative abundances of those pools are all potentially changing?
Additional discussion on this topic would also help translate this data to comparison sites, many of
which report OC and OS from protokerogen or lipids rather than HAs. Exchanges of sulfur between
HA, DOM, and this pool should likely also be considered.



Unfortunately, we did not do a targeted quantification of HA carbon as all of the extract was used up
to measure sulfur content and isotopes. However, we could calculate that on average 2.6 +/- 3.2 % of
total organic carbon was extracted as HA, which was added to the text (L 451). Nonetheless, the
addition of the TOC profile to the main text should reveal that changes in TOC:HAS ratios are most
susceptible to large fluctuations in TOC content. There is a weak correlation between TOC and
TOC:HAS (r?= 0.31) that becomes very strong (r?>= 0.81) when lacustrine layers are excluded and this is
now discussed in the text (L 444).

A huge number of organic sulfur pools were not analysed, but due to time constraints and analytical
capacities, a selection was made to analyze humic acid sulfur as representative of one organic sulfur
pool expected to form in recent sediments and that could be comparable to several previously
published studies from marine and lacustrine environments (namely (Urban et al., 1999). Due to the
lack of supporting data, we have refrained from speculation and suggested that further studies would
be needed to elucidate how these pools are changing relative to each other (L. 469).

Line 236 / Fig S2 — The comparison with 1991 data is potentially intriguing but insufficiently explained
to be useful. A description of the sampling type and associated concentration data would make this
much more valuable, perhaps as a Supplement section. Otherwise this data is undersupported. (Why
were they able to get sulfate data when the current study was not? Different sampling volumes |
presume?) Can the new sulfate data be overlain on the 1991 data for a more direct comparison?

We thank the reviewer for pointing this out. The porewater data from 1991 are now overlain in the
main figures and reveal a surprising consistency with 2019 data. We also added detailed sampling
methods from 1991 to the main text. Indeed, a different sampling method was used and also
analyses were more targeted (sulfur species only) while we had to divide our samples for additional
porewater analyses of dissolved Fe, Mn, major anions and cations, and DIC, leaving much less
porewater for sulfate isotopes in layers where sulfate is depleted. This was most problematic in the
deep glacial sediments which contained much less water and only one sample could be measured by
pooling the porewater.

Line 241 —is the support for this opening sentence the 1991 pocket dataset? Please tell us more
about it! If this d34S sulfide trend is directly comparable, can it be included in Figure 2 so that it can
be seen next to the AVS etc?

The 1991 porewater data were overlain in the main figures to be directly comparable and some text
was added to the results comparing H2S, AVS and other reduced sulfur pools (L. 260-267).

Line 370 — | don’t see abundant SO at the deep redox transition in Fig 2A, please clarify.

We have now separated the data from surface and deep sediments to better visualize concentrations
using different x-axis scales. The peak in elemental sulfur at 772 cm is now visible.

Line 383 — The statement that HAS increases over the top 10 cm (without mention of its immediate
decrease below) is a bit misleading. Please provide some explanation for the peak of HAS abundance
between 5-15 cm that can account for both sides of the profile.

We have now added a discussion of the decrease at 10-15cm (L. 436-441) which, although difficult to
explain based on the persistence of HA in sediments, could account for heavier CRS values measured
at those depths.

Line 411 — 413 — The description of organic sulfur sources is a bit tangled. Are you referring to the
possibility of sulfate reducers using organic sulfate esters as a sulfate source in extremely low-S lakes?



(Fakharee / Phillips should be cited if so). If sulfate esters are used for MSR, they could find their way
into any product of reactions with sulfate, theoretically including pyrite as well as OS, and would not
necessary be associated with specific OS functional groups. To understand the OS pool, the much
larger effect is expected to be the incorporation of biogenic OS materials, either from PP or
potentially also from secondary production by sediment microbes (Anderson and Pratt 1995 and
many others).

We thank the reviewer for pointing this out. After re-reading the literature thoroughly, the vast
majority of publications on humic sulfur point to an enriched 34S- polysulfide source of S in HA
formed by sulfide re-oxidation. We agree with the reviewer that different sulfur sources would
ultimately be distributed into all the reduced sulfur pools and have rewritten the text to emphasize
the timing of formation and involvement of an oxidation step in generating relatively heavy HAS.

The discussion in 416-418 seems disconnected from the observations of HAS concentration in Figure
2. How do that data support (or not support) an argument about timing of HAS formation and
stability, when peak HAS concentrations mostly experience loss at shallow depths? How might
biogenic OS be related to this?

We have removed these lines and focused the timing of formation as the control on HAS isotope
signatures. Adjusting the scales in Figures 2 and 3 now reveal that HAS is persistent throughout the
sediment column. HAS is less abundant in terrestrial than lacustrine sediments and it therefore may
appear that there is a ‘loss’ below 10cm (now discussed in L.436-441). However, HAS reappears at
concentrations up to 4 umol/g sediment which is comparable to surface sediments.

Line 438 — | was confused by the statement that “closed-system sulfate reduction is leading to similar
634S fractionations as in surface sediments.” Closed-system processes don’t affect fractionation
factors, but instead they affect the expression of those fractionations in the environment. It is not
clear how closed-system distillation is creating consistent d34S distributions at depths with very
different levels of system openness.

We have deleted this line to avoid confusion.

The argument for this closed-system control is, if | understand properly, the trend in CRS d3*S values
between 600 and 800 cm depth above the groundwater source. This hypothesis needs to be
explained in much greater detail to understand the mechanism being invoked and how other
previous datasets might support it. Humic acid and AVS d34S values also tend light in that zone — how
is that related? (and sulfate is light... why are these values not light just because they are offset from
light sulfate?) Some simple calculations to compare offsets among the sulfur pools would be great.
Alternative explanations for the CRS d34S trend in the deep zone should be considered.

We have now mentioned the offsets between sulfate and reduced sulfur pools: € sfate-nas = 14-32 per
mil, € suifate-avs = 9-45 per mil, € syirate-crs = 36-53 per mil. The discussion has been reworded to state
that the main control on light sulfide isotopes could be light sulfate originating from reoxidation of
buried sulfides with a contribution of very slow sulfate reduction supplied by sulfate diffusing from
groundwater. Since no system is a 100% open or closed system, we have refrained from labelling it as
one or the other but highlighted the ongoing dominant processes governing S isotopes in the
sediments.



