In this manuscript Abrook et al. present a compilation of three european lake records
from Holocene-aged varved sediments. These records are analized for their capability
to preserve GDGT signals within the varves and whether the conditions that generate
the varves may override the temperature signals of the GDGTs. Within this work the
authors show that unique signals to the different lakes are captured, which can be
related to specific conditions of the water chemistry, nevertheless, taken as a whole,
the records suggest that the GDGT temperature signal is preserved, suggesting that
varved sediments provide a useful tool to generate high resolution GDGT records.

| find this manuscript very interesting and it presents a very exciting dataset, additionally
| consider that the main takeaways from the study are adequate and follow the data
presented. The manuscriptis also generally well written. | do however have some
comments which | hope could help improve the manuscript and | will be happy to
support the publication of his work once these have been addressed.

We would like to thank the reviewer for their constructive comments and suggestions
on our manuscript. We also thank the reviewer for their positive comments on ‘finding
the manuscript very interesting and presenting a very exciting dataset’. Below we
provide answers to each of the comments after they appear in red.

Main comments

| agree with Reviewer #1 that further comparison between the modern and Holocene
records could be done for Nautajarvi and Diss Mere. In addition to the points made by
Reviewer #1 | would suggest discussing further the separation observed for the
Holocene and modern samples in Nautajarvi. Did you considered further PCs in the
Diss Mere PCA that may show a similar spread (that may indicate a common feature
explaining this)? Particularly since the first two PCs for Diss Mere account only for ~60%
of the variance.

Many thanks for your comments, we agree that further comparisons between the
modern and instrumental data are worthwhile at, for example, Diss Mere, where there
are small offsets between the reconstructed and instrumental data (albeit the
reconstructed temperature approximates the instrumental data). The reasons for this,
we postulate, is that it is reflective of a slightly different environment. The last 2ka of the
Diss Mere record coincides with a rapid sedimentation rate increase, a shift in diatom
and blue-green algal communities and a shift in catchment vegetation leading to
eutrophication (see Boyall et al., 2023; 2024). This is driven by an increase in detrital
input following human occupation and the subsequent building of the Diss Mere town
(Boyall et al., 2023; 2024). Critically this leads to eutrophication over the last T1kyr at
Diss Mere, which may impact this part of the record which we did not explore. We will
add this discussion to Section 4.4.1.



In terms of the separation of ‘modern’ and ‘Holocene’ samples at Nautajarvi within the
PCA, we consider this to be a component of the slightly different distribution of GDGTs
between the ‘Holocene’ and ‘modern’ samples. Similar distributions are also observed
within the late-Holocene, which plot in the ‘modern’ space of the PCA. The two PCs at
Nautajarvi appear to be pulling this out (and also accounts for greater variation in the
dataset). At Diss Mere, whilst the modern samples do plot in a slightly different area of
the PCA, they also overlap with the Holocene data. As the lacustrine environment
(ecosystem) is slightly different (eutrophic) as above, other PCs might pull this out a
little more at Diss Mere.

However, the features that we observe between the two sites (Diss Mere as disturbed /
eutrophic in the modern and not in the Holocene vs Nautajarvi with continued varve
preservation throughout the whole record) may indicate that the processes that control
these features are different for each site.

None the less we will explore the PCs at Diss Mere.

Additionally, given the dataset presented here, | think this could be an excellent
opportunity to compare these samples and the changes in mixing regimes with the
proportion of cren/cren’, as was proposed by Baxter et al., 2021
(10.1016/j.quascirev.2021.107263).

Thank you very much for this suggestion. We did consider the cren/cren’ (ffCREN']) ratio
as we thought that this might be useful in detecting changes in the position of the
oxycline and shifts in mixing regime. Unfortunately, levels of the crenarchaeol
regioisomer are very low (and even below detection at Diss Mere) so we did not pursue
any further.

The low abundance of the crenarcaheol regioisomer indicates that all f{CREN'] values
are <0.08 from both Meerfelder Maar and Nautajarvi (not available at Diss Mere).
However, intriguingly we do observe rapid shifts in (ffCREN']) in the mid-Holocene at
Nautajarvi (which may suggest switches between a relatively shallower and deeper
oxycline position in the upper water column as Baxter et al. (2021)).

However, Lake Chala is meromictic, and therefore a permanently stratified and very
deep lake (90m, much deeper than any lake here). Baxter et al. (2021) suggest that the
position of the oxycline changes in the upper water column and that there is upper
water column mixing- so the whole water column remains meromictic. Data from
Nautajarvi (Lincoln et al., 2025) suggests that the Finnish lake did undergo periods with
relatively more hypolimnetic oxidation in the mid-Holocene (with Fe precipitation and
colloid formation in the varves). Increased ffCREN'] in the mid-Hol from Nautajarvi, may
suggest based on Baxter et al. (2021) increased stratification (more anoxia), which is
counter to the physical varve evidence presented by Lincoln et al. (2025). Nonetheless,
the rapid shifts in ffCREN'] on an inter-sample basis could account for this.



We will add some discussion on ffCREN] to the manuscript, however, as above we are
unsure on the transferability between very different lacustrine systems. Given the
number of panels already presented in Figures 5-7 we are hesitant to add a further panel
given the interpretation of the isoGDGTs (methane impacted) but can include this as a
small section of the discussion in Section 4.3.1.
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Finally, throughout the text, | find that the Figures and figure captions could be modified
to be clearer and easier to read. See detailed comments below.

Many thanks for this comment. We will edit the figures and the figure captions to aid in
readability.

Specific comments

-Figure 1: The labelling of the different panels is confusing and starts over in the
diagrams of he couplettes. Additionally the maps contain features that are not
explained in the text.



Thank you for this comment. We will rearrange the figure and align the varve
depositional models with each of the site locations so that these are more ‘joined up’.
As reviewer 1- we will remove the elements that are not explained in the figure caption.

-Line 219 and throughout the text: capitalize brGDGT and isoGDGT when at the
beginning of a sentence (i.e., BrGDGT and IsoGDGT).

We will edit this throughout the text.

-Figure 3. Is b) azoom in on triplot on a). Please explain in legend.
Yes this is correct. We will add this into the figure caption.

-Figure 4. Label each plot with a letter for clarity.

We had hoped to show that the colours of individual points follows in a left to right
motion. We did label each pair of plots with the site name (i.e. Diss Mere etc.) which sits
above the panel. We can add horizontal lines to separate each plot.

-Figure 8. Legend is very hard to follow, should be rephrased.

We agree that the figure caption here is difficult to follow. We will rephrase to ensure
that it adequately and simply describes the figure.



