
Reply to Reviewer #2’ comments

General Comments
Du et al. have established the Database of Deep-time Sediment Nitrogen Isotopes in
Marine Systems (DSMS-NI) in this work. By integrating previously published
datasets and supplementing them with newly collected data, this dataset represents a
comprehensive compilation in the field of marine sediment nitrogen isotopes. It
includes 71,040 δ15N data points spanning from the Archean to the modern, and
covers a wide range of sample types, from fossil materials to bulk sediments, kerogen,
and others. The authors have also made substantial efforts to enrich each nitrogen
isotope data point with additional metadata, such as modern latitude and longitude,
paleolatitude and paleolongitude, age information, lithology, depositional water depth,
and, where available, other geochemical information from the same stratigraphic
horizon. This endeavor greatly expands the potential for future research based on this
database.
Response: We sincerely appreciate your positive feedback and constructive

comments.

At the same time, several issues should be addressed to make the dataset more robust
and user-friendly:
1. Although the manuscript carefully explains the metadata fields, the database itself
is not accompanied by a Data Descriptor File (ReadMe file). Providing such a file
would substantially improve data usability and accessibility for the community.
Response: A ReadMe file is now attached to the database.

2. In the current dataset, materials are categorized into sediments, foraminifera,
diatoms, etc. However, foraminifera- and diatom-bound nitrogen isotope
measurements are reported as bulk δ15N values, while porphyrin and kerogen are
listed separately. This classification seems inconsistent and somewhat confusing. A
clearer approach might be to keep “sediments” and sedimentary rock types as the
main material categories, and then include foraminifera, diatoms, porphyrin, and
kerogen as specific entries in the data fields.
Response: We have restructured the database into a two-tiered classification system
and revised the corresponding descriptions in the manuscript to implement a clearer
and more logical framework. The two-tiered classification includes:
(1) The term δ15Nbulk is now exclusively used for measurements performed on bulk
sediment or decarbonated sediment. These are now clearly marked as such in the
"Material" column.
(2) A new category, δ15Nsp, has been established to classify measurements targeting
specific phases within a sample, such as foraminifera, diatom, porphyrins, kerogen,
and clay-bound nitrogen. These are also distinctly marked in the "Material" column.



3. While the dataset is comprehensive, it does not appear to include coral-bound δ15N
records, which have become an increasingly important proxy for reconstructing
Holocene nitrogen cycling. Incorporating, or at least acknowledging, this data type
would further strengthen the completeness of the compilation.
Response:We thank the reviewer for this valuable suggestion regarding coral-bound
δ15N records. The current version of our compilation indeed has a primary focus on
the deep-time record, where data are severely underrepresented. We fully agree that
incorporating coral-bound δ15N data is crucial, particularly for assessing Holocene
nitrogen cycling and isotopic fractionation in biogenic carbonates. We have
acknowledged this limitation in Section 6.1 Informed user notice, and plan to include
them in the next version of the database.

4. The dataset would benefit from including a field specifying the analytical method
used for δ15N measurements. Different techniques (e.g., EA flash combustion,
denitrifier method, chemical oxidation, offline combustion) may introduce distinct
biases, and distinguishing these would be important for future analyses.
Response: We have added a new column titled “Techniqueδ15N” to the dataset. This
column now compiles the analytical method for each record, such as EA combustion,
offline combustion, and denitrifier method.

5. Some citation and metadata errors are present. For example, data attributed to
Alt-Epping U. et al. (2009) shows negative ages, and some entries cite conference
abstracts (e.g., Wang X. et al. 2021, Goldschmidt 2021 abstracts) rather than the final
peer-reviewed sources. In addition to automated quality control, it would be helpful to
perform manual spot-checking of a representative subset of entries against the original
literature. If the authors could demonstrate that the error rate is low, this would
increase confidence in the dataset.
Response: We are grateful to the reviewer for their careful review and for

highlighting these metadata errors. We have addressed them as follows:
(1) Negative Ages (e.g., Alt-Epping et al., 2009): we have corrected two data points.
The error occurred because ages in the Common Era should be set to zero, but two
entries were mistakenly overlooked during initial compilation.
(2) Citation Errors: we have performed a thorough manual check of all reference
sources. We found that the initial errors were primarily due to inaccuracies in
automated matching via Crossref. A thorough manual verification of all references
has been completed to ensure data integrity; for example, a preprint (Godfrey et al.,
2024) has recently been updated to a peer-reviewed publication (Godfrey et al., 2025).
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6. It would be helpful if the authors could clarify their plans for future updates and
maintenance of DSMS-NI, and whether mechanisms will be provided for
incorporating newly published data or community-submitted contributions. This
would further increase the long-term value and sustainability of the dataset.
Response:We have established the following plans for updates and maintenance:
(1) The corresponding and first author will be responsible for curating and releasing
an updated version of the complete dataset on Zenodo at the end of each year. Each
new version will incorporate corrections to any identified errors, include necessary
metadata revisions, and integrate newly published data from the preceding year.
Zenodo provides Digital Object Identifiers (DOIs) for each version, which will ensure
citability and traceability of specific dataset releases.
(2) The dataset is hosted and will be updated on the Geobiology Database website.
This platform, which is currently under active development to add new features and
new database (e.g., sulfur isotopes), will support more frequent and incremental
updates.
We have now explicitly described these maintenance and update plans in the “Usage
Notes” section (Section 6):
“We plan to release a new version of the dataset annually on Zenodo and update on
the Geobiology database website. Each version will incorporate corrections to
identified errors and integrate newly published data from the previous year to the
fullest extent possible. This systematic update cycle is designed to ensure the dataset’s
accuracy, relevance, and long-term value for the research community.”

In addition, I agree with Anonymous Referee #1 that while the descriptive statistics on
the dataset are useful, some of the interpretations presented in the manuscript may be
too strong at this moment.
Overall, this manuscript makes an important contribution to the community, and I
support its publication after the authors address the above points.
Response: We have carefully revised the interpretation of δ15N data in Section 5
“General database statistics”, as suggested by Referee #1, to ensure that our
conclusions are well-supported and appropriately cautious. See line 403-422,
449-471.
“An examination of δ15N record reveals first-order variations on multi-million-year
timescales since the Cryogenian. The LOWESS curve shows extended intervals of
relatively elevated δ15N (> +5 ‰) during the Cambrian/Ordovician transition, the
Carboniferous–Permian, and the Late Cretaceous–Cenozoic (Fig. 7). These broad
peaks are separated by periods of lower δ15N values during the Ediacaran–Cambrian,
Ordovician–Devonian, and Triassic–Cretaceous. The prolonged intervals (except for



the Cambrian/Ordovician transition) of elevated δ15N broadly coincide with known
periods of sustained cool climates or major glaciations (i.e., the Sturtian–Marinoan
glaciations, the Late Paleozoic Ice Age, and the Cenozoic Icehouse), whereas the low
δ15N intervals generally align with warmer greenhouse periods (i.e., most of the late
Ediacaran–early Carboniferous and the Mesozoic) (Montañez et al., 2011; Macdonald
et al., 2019). This tectonic-scale pattern mirrors observations from orbital-scale
glacial-interglacial cycles (Ren et al., 2017) and transient hyperthermal events events
like the Paleocene/Eocene Thermal Maximum (Junium et al., 2018), suggesting that
climate exerts a first-order influence on the marine nitrogen cycle. The underlying
mechanisms may involve variations in ice sheet extent and sea level, which affect the
distribution of oxygen-minimum zones (OMZs) and the proportion of water-column
denitrification versus sedimentary denitrification (Algeo et al., 2014; Wang et al.,
2022). However, the correlation is not straightforward; for instance, the increase in
δ15N began in the Late Cretaceous, coinciding with the onset of global cooling but
preceding the major expansion of Antarctic ice sheets in the Cenozoic (Judd et al.,
2024). Therefore, the exact mechanisms coupling climate and nitrogen cycle
evolution remain an unsolved question for future research, ideally integrating Earth
system models with the spatial δ15N data presented here.”
“In modern ocean sediments, elevated δ15N values (notably > +5 ‰) are
concentrated in regions influenced by upwelling, such as the Arabian Sea,
southeastern Indian Ocean, eastern equatorial Pacific, southwestern South America,
and the western coast of Mexico (Fig. 4a; Tesdal et al., 2013; Du et al., 2005b). In
contrast, lower δ15N values (significantly < +5 ‰) are typically found in restricted
basins or broad continental shelves, such as the Black Sea, the Mediterranean Sea, the
Baltic Sea, and the South China Sea. The global mean δ15N (approximately +5 ‰, as
observed in open ocean like the Southern Ocean) lies between these extremes. The
modern spatial distribution of δ15N can provide a valuable framework for interpreting
past marine conditions, as δ15N serves as an indicator of nutrient supply, upwelling
intensity, and the extent of oceanic oxygen minimum zones (Altabet et al., 1999;
Godfrey et al., 2025). However, analyzing spatial patterns in deep-time δ15N records
is inherently limited by the scarcity of data, particularly from open-ocean settings,
making it difficult to estimate global mean values and relative spatial gradients. For
the Paleogene and Neogene, δ15N hotspots are generally located in deep-sea regions,
potentially representing more positive δ15N averages across ocean basins (Fig. 4b-c).
In the Paleozoic and Mesozoic, δ15N values are generally negative, lacking
prominent hotspots except in the Carboniferous and Permian. This pattern may reflect
a systematic bias, as available data are predominantly derived from continental shelf
environments (Judd et al., 2020), which tend to exhibit lower δ15N values compared
to the open ocean. Despite differences in paleogeographic position and absolute δ15N
values, rapid shifts in δ15N exhibit consistent directional changes (increase or
decrease) during key Phanerozoic transition events, such as the Permian-Triassic
boundary (Knies et al., 2013; Du et al., 2021, 2023) and the Late Cretaceous (Meyers
et al., 2009; Junium et al., 2018; Du et al., 2025b).”



Specific Comments
• Figure 4: Some plotted points appear to fall on land, especially for the Cretaceous
interval; please check the basemap.
Response: The points between South America and Africa that appear on land are
accurate and correspond to oceanic samples from the Late Cretaceous, a period of
major continental drift. To improve clarity, we have revised the figure by adopting a
paleogeographic basemap that accurately represents the separated positions of South
America and Africa in the Late Cretaceous.

• Lines 374–376: This sentence lacks sufficient supporting evidence or a figure.
Please clarify.
Response: This sentence aimed to synthesize a pattern observed across multiple
published studies, rather than figures in this manuscript. We have revised the sentence
as follows:
“Despite differences in paleogeographic position and absolute δ15N values, rapid
shifts in δ15N exhibit consistent directional changes (increase or decrease) during
some key Phanerozoic transition events, such as the Permian-Triassic boundary
(Knies et al., 2013; Du et al., 2021, 2023) and the Late Cretaceous (Meyers et al.,
2009; Junium et al., 2018; Du et al., 2025b).”

• Line 400: Quaternary sites also provide extensive latitudinal coverage.
Response: Revised as follows:
“When modern coordinates are converted to paleolatitudes and mapped onto
paleogeographic reconstructions, the Cenozoic Era provides the most extensive
latitudinal coverage, with the Quaternary period contributing the highest number of
sites, followed by the Cretaceous (Figs. 4 and 9).”

• Line 457: After the phrase “we have also provided a software tool on Zenodo”,
please add “see 8. Code availability”.
Response: Added.


